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When contractors must make 
up time on a highway project 
they appreciate the extra help 
they get from equipment using 
Timken bearings. 


That’s why the Blaw-Knox 
Model P-150 Base Paver uses 
100 Timken tapered roller bear- 
ings. This 12-ton machine can 
keep the job rolling by spread- 
ing road base material of all 
kinds, ranging in size from dust 
to 5 inches, at a rate that aver- 


Making time on 
highway construction 


with the help of 


TRADE MARK OWNED AND REGISTERED SY 


=| TIMKEN-USA. 


THE TIMKEN ROLLER BEARING COMP, 


TAPERED ROLLER BEARINGS 


ages up to 6 § tons a minute. 


Timken bearings take heavy, 
rapid shock loads with ease. 
That’s because the rollers and 
races of the bearings are case- 
carburized to give them a hard, 
wear-resistant surface over a 
tough, shock-resistant core. The 
tapered design of Timken bear- 
ings take severe radial and thrust 
loads, enabling the paver to 
operate smoothly and without 
breakdowns. 


World-Wide Availability 


TIMKEN“US.A. 


TRADE-MARK OWNED ANO REGISTERED BY 
THE TIMKEN ROLLER BEARING COMPANY 


TAPERED ROLLER BEARINGS 
THE TIMKEN ROLLER BEARING COMPANY, 
Canton 6, Ohio, U.S.A. Cable Address: “TIMROSCO.” 
Also makers of fine alloy steel, removable rock bits 


T 875 





More and more contractors the 
world over are buying machinery 
and equipment that use Timken 
bearings. They find it stays in 
service longer, operating at top 
efficiency. Specify Timken (Made 
in U.S.A.) tapered roller bear- 
ings On construction equipment 
you buy or build. 





INDUSTRIAL AND 
RAILWAY BEARINGS 


DISTRIBUTED IN INDIA 
BY 


VOLTAS LTD. 


Chinchpokli Road 
BOMBAY 12, INDIA 


Branches in 
all Principal Cities 
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SIEMENS & HALSKE AG-SIEMENS SCHUCKERTWERKE AG 
WESTERN GERMANY 


SOLE REPRESENTATIVES : 
SIEMENS ENGINEERING & MANUFACTURING CO. 


OF INDIA PRIVATE LTD. 
BOMBAY - CALCUTTA - NEW DELHI 
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35-Ton 
Capacity 
with true 
Mobility 





PsH Model 555 ATC Truck Crane 


Meet the biggest member of the P&H line of 
truck cranes! It’s the Model 555 ATC... 35-ton 
capacity at a usable radius of I5 feet with 
P & H’s traditionally greater reserve capacity. 

Now you can have all the time — and money- 
saving advantages of a highly mobile truck crane 
on all those heavy jobs which before had to be 
handled by less efficient equipment. 

What’s more, the Model 555 ATC gives you 
an exclusive hydraulic counterweight lifter for 
removing counterweight to reduce axle loads 
when travelling... an independent planetary, 
high-speed boom hoist... power lowering device 
on main hoist for precision hook control... 
smooth, responsive hydraulic controls... all- 
welded construction... and dual power with 
one engine geared for travel, another for work. 
Other P&H Truck Cranes in 8, 10, 15, 25 and 
30-ton capacities. Also, P&H Crawler models 
from half through ten cubic yard capacities. All 


are products of Harnischfeger Corporation. 
Information on request. 

“Size for Size—around the full 360°—no 
P&H Truck Crane Has Ever Been Outlifted«"’. 


*on manufacturer's standard equipment 
Manufactured by 


HARNISCHFEGER CORPORATION 
U.S.A. 


Sole Distributors : 





CTIRT TD 


VOLTAS LIMITED 


Bombay - Calcutta - Madras - New Delhi 
Cochin - Bangalore - Lucknow 
Ahmedabad - Secunderabad 
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POWER SHOVELS 


SONL STABILIZERS 
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OVER 


1,000,000 


HORSEPOWER 
DOMINION ENGINEERING’S 





TURBINES 





rr 





? MONTREAL, CANADA 











On the St. Lawrence River, between Lake 
St. Francis and Lake St. Louis, a fifteen 
mile long canal three-quarters of a mile 
wide feeds the Beauharnois Power Plant 
of the Quebec Hydro Electric Commission. 

The site at Beauharnois is capable of 
developing over two million horsepower 
and plans for the St. Lawrence seaway 
call for using the power canal for ocean 
going ships. 

Twenty Dominion Francis turbines at 
Beauharnois, fourteen rated at 53,000 H.P. 
and six rated at 55,000 H.P., are now 
delivering approximately 6,000,000,000 
kilowatt hours per year. 

As manufacturers of Hydraulic turvines 
— Francis, Propeller and Impulse types — 
for over 30 years, we invite your inquiries. 
Write for Dominion Hydraulic Turbine 
Bulletin No. 201. 
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WHAT HAS HE TO DO WITH CEMENT? 


Cement builds his home. It is in the pavement 

on which he walks, the school in which he learns the 
arts of man, the hospital which he may need, the 
swimming pool, sports track and gymnasium that 
build his team spirit and his muscle. It is in the dams, 
power houses, factories, grain silos . . . 


CEMENT— more and yet more cement —is the 
need of his future. The Associated Cement Companies 
Limited, which has doubled its output between 

1948 and 1955, will double.its production again 
during the next five years. The success of 

the Second Five-Year Plan and the future of India’s 
youth both depend upon Free Enterprise. 





Issued by 


The 
ACC is 
helping 
to build 
his 
India of 


tomorrow. 


THE ASSOCIATED CEMENT COMPANIES LIMITED 
THE CEMENT MARKETING CO. OF INDIA PRIVATE LTD. 








ACC-BS6-24A 
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<N RUSTON HORIZONTAL 
fat Ks OIL ENGINES 
RUSTON DIESEL LOCOS fia NO) 
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RUSTON 
MARINE 
OIL ENGINES 


RUSTON-BUCYRUS 

EXCAVATORS & 

AVELING-BARFORD 

DIESEL SHUTTLE 
OUM 


Geared to 
the Nation’s 
industrial future... 


‘RUSTON GREAVES COTTON 
CENTRIFUGAL _ ey & COMPANY LTD. 
PUMPS a nh 1, Forbes Street, Bombay |. 









Branches : 
Ahmedabad + Bangalore 
Calcutta + Coimbatore 
Kanpur + Madras 

ew ' 








AVELING-AUSTIN 
~99.H’ 
MOTOR GRADER 


THE PATENT ACME 
STONE BREAKER 





VULCAN-SINCLAIR DAVID BROWN GEARS 
FLUID COUPLING STREAM-LINE 
LUBRICATING 
& TRANSFORMER 
OlL FILTERS GC-29 
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HOW 





Gan 


can cut your job costs, 
earn more for you! 








Self-Propelled BANTAMS—One-man, one- 
ee ae Se ae ton Greater job speed . wider work range... 
lifts, 100 cubic yards an hour with bucket. . ; 
extra endurance with lower operating costs. 

These are the rewards of using BANTAM. 

Your proof that BANTAM delivers these 
3 big advantages is the fact that BANTAM 1s 
the world’s fastest selling shovel-crane in ‘t- 
class. .the machine chosen most because it 
earns the most. 

More advanced design gives BANTAM a 
faster work cycle for more production every 





iia 





Carrier Mounted BANTAMS—Easy traveling, hour. More simplified design gives it greater 
fast working; 3 models available, 6 and 7 tons > ‘ 

lifting capacity, 100 cubic yards per hour dig- freedom from service. More versatile design 
ging capacity. . equips it to earn more for you with these 


quick-change attachments: shovel, back hoe, 
crane, dragline, clamshell, pile driver, mag- 
net, concrete bucket, grapple. 


See and try the BANTAM now 


WORLD'S LARGEST PRODUCER OF 
TRUCK CRANES AND EXCAVATORS 





Crawler Mounted BANTAMS— 2-speed inde- SCHIELO 
i J 

pendent travel, low-ground bearing pressure 

with large crawlers ( wide-base extensions avail- 

able). 5-ton crane capacity, digs 100 cubic yards ° 

an hour. 





Sole Distributors in India 


SOORAJMULL NAGARMULL 


Import Department 
8, Dalhousie Square (East) Calcutta-! vial 
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Choose your 
Construction Machinery 
Mem) fitted with 


DIESEL ENGINES 


, K IRLOSKAR diesel engines 


are used for all industrial and 








engineering purposes. Outstanding 





reliability, rigid construction and 
efficient performance—the outcome 
of years of experience in sound 
design and workmanship—make 
Kirloskar diesel engines popular in 
the field of constructive engineering. 
These engines are designed 

in such a way that they can be 
handled easily even by 


unskilled labour, 











KIRLOSKAR OIL ENGINES LTD., KIRKEE, POONA 3 


KOEL E-4 6 TOM & BAY LTO. 
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BATLIBO! & CO 


Representing Leading FRENCH Manufacturers 


ALSTHOM *« NEYRPIC 
C. G. E. (Compagnie Generale d’Electricité ) 
























for Complete Plant and Equipment 
for Thermal and Hydro-Power Stations 


The picture is of the Power Station of CREIL-ST-LEU (Oise), 

France, showing one 125,000 kW, 15.5 kV. hydrogen cooled 

turboset running at 3000 rpm, steam pressure 1250 psig, at 1000°F. 

with reheat at 240 psig to 1000°F, supplied by Messrs. Alsthom 
in 1956. 

In the years 1949-1953, Messrs. Alsthom supplied in France, 

Holland, Spain, Poland and Turkey about 20 turbosets for 

a total of 1,200,000 kW —a record which 

speaks for itself. 





\\ 


\ 





Branches : 


Madras - Calcutta - Dethi 


BATLIBOI & 
COMPANY 


Head Office : Forbes Street, Fort, Bombay | 


Ahmedabad - Coimbatore 


Kanpur - Vijayawada 





Associates Batliboi Private Ltd. Bangalore & Secunderabad-Dn 
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“Our highways of to-morrow ... 
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A K. ACR 


can be built by 
CATERPILLAR‘ 


*Comeepilior ond Cot ore Registered Trode marks of Corerpiliay Trurtes Co, USA. 


199 


to-day ! 






Because India’s expansion programme is 
in full swing many new industries are coming 
into existence and due to the ‘Grow More Food’ 
campaign more food is being produced. More and more goods are 

being carried by road transport. 

To open up new areas, to take care of the increasing traffic, new roads must 
be built and old roads have to be ‘improved. 

Better roads can be built with Caterpillar equipment. You do not save 
time by stopping the clock. Neither do you save money by buying cheap 
equipment. Caterpillar equipment will save you both time and money 

by giving you better output with less downtime and more 

economical operating costs. 


Invariably a first choice among Government engineers and 
leading contractors, CATERPILLAR will, no doubt, play 
a leading part in building India’s future Highways. 


CATE RPILLAR* Paving the way to India’s progress 


*Coterpilior end Cot are Registered Trademarks of Caterpillar Tractor Co, U.S.A. 


WILLCOX (BUCKWELL- TRACTOR & EQUIPMENT 
TRACTORS (INDIA) LTD. LARSEN & TOUBRO LTD, INDIA) PRIVATE LIMITED CORPORATION (PRIVATE) 
Post Box 323, Calcutta Post Box 278, Bombay Post Box 289, New Delhi LIMITE 


Post Box 66, Lucknow Post Box 5247, Madras New Colony, Jaipur P.O, Box 279, New Delhi 
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Fabrication 





and Erection 








of complete 





Pipework 











for Steam 














Compressed Air | 








etc. 








Coils for Refrigeration 
and other 
industrial uses 


Light Structures of (q 
Tubular construction S Ra IL 


Water Well Casing. 


STEWARTS AND LLOYDS OF INDIA PRIVATE LIMITED 


HEAD OFFICE : 41, CHOWRINGHEE ROAD, P.O. BOX 270, CALCUTTA 
TELEPHONE : 44-5224 (5 LINES) 
WORKS : 39, HIDE ROAD, KIDDERPORE, CALCUTTA 
TELEPHONE : 45- 3515-16 


SLF 1-57 




















TECHNOEXPORT 
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MY ORAULIC 
SEL STRUCT, 


MARSHALL. 

— ££, Cre Dia ) LIMITED. 

MARSHALL HOUSE + HANUMAN ROAD «= NEW DELHI- | 
CALCUTTA + BOMBAY + MADRAS + COLOMBO 


Fou aoa good daal beller uth marshalls 
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THE DRAYTON DUMPER 


First in the field for 
economical transport 
of aggregates, mixed 


concrete, etc. 


Drayton Dumpers are 
operating in almost all 
classes of construction 
works including Roads, 


Reservoirs, Factories & 





River Valley Projects. 


Manufactured by 


ROAD MACHINES (DRAYTON) LTD. 


Sole Agents: 


HEATLY & GRESHAM 
ESTABLISHED 1892 LIMITED INCORPORATED IN ENGLAND 


CALCUTTA BOMBAY MADRAS NEW DELHI 
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REYROLLE SWITCHGEAR 





PART OF REYROLLE 11000 VOLT TYPE “B3T/BST” SWITCHGEAR 
AT DELHI “B” POWER STATION OF THE DELHI ELECTRICITY BOARD. 


Agents : 


BURN & CO., LTD. 


CALCUTTA BOMBAY KANPUR NEW DELHI 


BOMBAY oe. (PTE.) LTD. 


MADRAS SOUTHERN INDIA 
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Continued leadership in design, 
improved methods of manufacture, 


and rigid inspection, guarantee to 
every Brush Kirloskar Electric 
—_ Motor a strength and reliability 


——-\-| ZA which ensure dependable power 
Bg and long, trouble-free service. 


ad 
ee 


KIRLOSKAR ELECTRIC CO., LTD. BANGALORE -3. 


SOLE AGENTS \ MADRAS P.O. Box No. 12 | 
APA GED BOMBAY P. O. Box No. 506 
Ay WAITED —_|__ CALCUTTA P.O. Box No. 208 

4 \ NEW DELHI P.O. Box No. 172 

‘er 
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Pipe mains conveying water and distributing gas, providing sanitary 
services and carrying oil, are the lifelines of civilisation. 

Today the Cast Iron Pipe, with Spigot and Socket Joints, provides 
the most widely used medium for the transmission of water and gas. 


Manufactured to British Standard Specifications. 
THE INDIAN IRON & STEEL CO., LTD. 
Managing Agents: 

MARTIN BURN LTD. 12 Mission Row, Calcutta. 


Branches: New Delhi Bombay Kanpur das 
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PINT-SIZE TOOL WITH 


OUT-SIZE 
PERFORMANCE! 


—the WOLF packs a lot of Power! 














Combining maximum power with minimum weight, 
unequalled for penetration, speed, balance and faultless 
performance, WOLF’s Type EG2c Drill offers aircraft, 
motor car and furniture industries, sheet metal fabrication, 
light engineering assembly shops and many others— 


‘ ee 
Wolf stepped-up production and reduced overheads ! 
ELECTRIC TOOLS 
To industry and the individual WOLF'’s offer 
a wide range of low priced powered tools. Write today 


for full details of WOLF Portable Electric Tcois. 








RALLIS INDIA LIMITED, 


16, Hare Street, Calcutta. sBomBaY e DELHI e MADRAS 
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TUBULAR STEEL 


POLES 
CAN TAKE THE STRAIN 


Our tubular steel poles are specially 
designed for carrying power 

transmission cables. They are available 

in many types and sizes, so that it is 

easy to find poles for any job. They are 
stronger and lighter than their substitutes 
and are able to withstand 

very wide temperature variations. 


Indi an Tu be 


The Indian , aT Company (1953) Livvived 
A Cntie Minanes & Lleyrs Snterpriee 
Hi, Chowringhee Roar, Cihescastt 


WF—~2—57 
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P. F. FIRING 
(DRY ASH) 


P. F. FIRING 
(SLAG-TAP) 






FLY-ASH 
iN GAS 
LEAVING 
BOILER 









REVOLUTIONARY 
SOLUTION 

TO THE FLY-ASH 
PROBLEM 


CYCLONE 
FIRING 


ASH 

OR SLAG 
COLLECTED 
IN FURNACE 





BABCOCK <7¢20WE FIRING 





OUTSTANDING advantage of the Cyclone furnace is the 

enormous reduction in quantity of fly-ash passing 
through the boiler. The major problems of ash collection 
and disposal and of stack emission are greatly simplified; 
while boiler efficiency and availability are increased by the 
reduction of slagging and deposits on the boiler surfaces. 
The Cyclone converts the ash to molten slag, which is 


Highest boiler efficiency due to effici- 
ent combustion, cleaner boiler surfaces, 
and lower power consumption for coal 
preparation—since the coal need only 
be crushed or coarsely pulverized. 


Burns even poor grade, high-ash coals, 
at high combustion rates. 





quenched and easily disposed of. 


A Babcock development, the Cyclone furnace, after many 
years of research and full-scale service, is now established 
as one of the most effective methods of coal-firing power 


Due to high ash recovery and simpler 
ash disposal and coal preparation, 
removes various causes of heavy main- 
tenance and shut-down ; so further 
improving boiler availability. 


station and large industrial boilers, with these further 


important advantages :— 


The coal is borne into the 
water-cooled refractory- 
lined furnace by a stream 
of high-velocity primary 
air and meets a tangential 
stream of high-velocity 
secondary air, forming a 
vortex of flame in which 
the fuel is completely 
burned, the hot gases 
passing into the boiler. 
The temperature in the 
Cyclone is high enough to 
liquefy the ash which 
clings to the walls form- 
ing a continuous coating 
of molten slag, which flows 
out of the furnace and is 
tapped into a water-filled 
tank. 





Enables greater evaporative capacity 
to be obtained in less total space. 
Smaller boilers, with less ash and 
dust-collecting plant and other auxili- 
aries, can be housed in less costly 


buildings. 


Ideally suited to simple, automatic 
combustion control. Safe in operation. 
Easily started up. Ignition stable 
under all load conditions. 


Flexible operation to meet wide load 
variations. Can be arranged for alter- 
native firing with oil or gas. 


Babcock & Wilcox Ltd. in the U.K. 
have under construction and on 
order, a number of Cyclone-fired 
boilers for both power station and 
large industrial installations. 


BABCOCK & WILCOX OF INDIA (PRIVATE) LIMITED 


4, BANKSHALL STREET, CALCUTTA. 


16, QUEEN’S ROAD ESTATE, BOMBAY. 
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International Payscrapers symbolise the 
dependable, mighty power which carries 
away immense loads of earth with re- 
markable ease at high speeds. They have 
been designed and built to give you 
higher output at lower costs. 


Many special features make IH Payscra- 
pers the best choice the world over. 


INTERNATIONAL construction EquIPMENT | 


AY 8] LT A S ) unrivalled service and spare parts organization 





VOLTAS LIMITED 
BOMBAY ° 


COCHIN : AHMEDABAD 


CALCUTTA . MADRAS . 


Loading and unloading are faster, easier 
with straight line pushing from crawler 
to cutting edge, straight line reeving and 
positive rolling ejection. An operator 
does more work with improved hydraulic 
steering, new sure-action cable control 
unit and positive air booster clutch toge- 
ther with unrestricted visibility and com- 
fort riding. 


NEW DELHI . 
SECUNDERABAD ° 


BANGALORE 
LUCKNOW 


Hi Payscrapers 


WAKEEVERY JOB A "PLANNED SUCCESS” 
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Drainage Study of Lower 


Damodar Valley—I 





By SATYAKAM SEN,-M.A. 


The author has been engaged in hydrological studies of West Bengal rivers 

for the last five years. The present study is the outcome of research work 

as a special research student of the Government of West Bengal, in their 

River Research Institute, from 1954-’56 on the hydrographical features 

of the Lower Reach of Damodar. In his work he was helped by the D.V.C. 

with approach to some of their records. The present article constitutes the 
first part of a series, 


Recognition of water as wealth to be utilised for 
progress of civilisation is not new. Civilisations of 
the past, for example, of the valleys of the Nile, the 
Euphrates, the Indus, the Ganges and the HwangHo 
flourished on the banks of those rivers. There is in- 
deed no doubt that the human map may be said to 
follow principally the hydrographical map. 


Utilisation of water drawn from various water so- 
urces to irrigate land is.a very old practice in India. 
As we see, to-day also, to utilise an inch of land, 
water resources have got to be harnessed, and we 
find that every bit of available water source is being 
employed for human benefit by application of sci- 
ence. However, to make efficient application for such 
purpose, it is necessary to foregather all the geogra- 
phical factors involved. Also, for persistence of the 
accruing benefits from such applications, it is nece- 
ssary to continually note how these factors change 
when the water resources have been brought under 
human control with the aid of science. Importance of 
geographical survey of water resources for National 
Planning is therefore obvious. 


Execution of the Damodar Valley Project has, 
since the achievement of independence of India, been 
a bold attempt to utilise the water resources of the 
eastern part of the country for all-round economic 
development. 


Geographical Setting 
The river Damodar rises from the Khamarpat Hills 
of the Chotanagpur plateau which is nearly 2000 feet 
high,. and 336 miles long: It emerges into the Burd- 
wan Plain below Raniganj, finally falling into the 


river Hooghly at Falta which is 30 miles below the 
city of Calcutta. The total catchment area covered by 
the Damodar Valley Project, is 9240 sq. miles. Of 
this the upper Damodar catchment, up to Rhondia, 
is 7,690 sq. miles and the lower reach below Rhondia 
is 1550 sq miles. The area that is covered by the 
present investigation, to be particular, the lower 
reach of Damodar, is situated between latitude 22°N 
an 24°N of equator and longitude 87°E and 88° 30’E 
of Greenwich. 


The Problem 

The D.V.C. area, important as it is, has become 
more so after the partition of the country, especially 
from the agricultural point of view. Since partition, 
West Bengal has been facing acute food shortage. 
The rise in population, which enhances pressure on 
land, as well as the decline in the productivity of the 
soil are obviously the causes leading to the agrarian 
crisis. D.V.C. dams should ameliorate this critical 
agricultural condition, as they would certainly im- 
prove the productivity of the soil in the lower reach 
of Damodar. 


The river behaviour in the lower reach of Damodar, 
relating to proper utilisation of water, has been the 
subject matter for discussion in this text. The ob- 
ject of this investigation, as recorded in the following 
pages, is to study the hydrological conditions of 
Damodar in its lower reach, and also to evaluate the 
intricate problems of the river’s behaviour. In the 
light of this study it is intended also to find out what 
repercussions are likely to occur in the area under 
investigation, after the D.V.C. dams have been com- 
pleted and brought into operation. 
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Explanations of Fig. I, II & Il 


Fig. I—West Bengal is a land of rivers. The 
characteristic features are : the rivers to the North 
of Ganga are southflowing while the rivers to the west 
of Bhagirathi are eastflowing. River Damodar is an 
important member amongst the tributaries of 


Bhagirathi. Its flood discharge is high ; it is notorious 
for its destructing capacity ; and finally its floodplain 
has got capacity to provide for return of good harvest. 
Hence the study of the lower reack of Damodar 
(shaded portion) is important. 

Fig. Ii—It shows that the River Damodar flows 
through Burdwan, Hooghly and Howrah District. 


Fig. 11I—The drainage map of the lower reach 
of Damodar shows that the dense network of rivers 
lies much below Burdwan. The long continuous em- 
bankment is seen along the left bank of Damodar. 


It starts from near Rhondia, and continues right 
upto the confluence of the Gaighata-Baxi canal with 
Damodar. The discontinuous right embankment is 
found below Damodar-Kaki confluence to run for a 
few miles. Forests are practically absent in the lower 
reach of Damodar, probably on account of the heavy 
demand for cultivable lands. 
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4 INDIAN JOURNAL OF POWER AND* RIVER VALLEY DEVELOPMENT 
Physical Description 


It is intended, in the present chapter to examine 
the features of the lower reach of Damodar, especial- 
ly the topography, the subsoil characteristics and the 
drainage channels which are vital elements in the 





landscape. 
a CONTOUR MAP OF 
= i ge soem LOWER REACH OF DAMCDAR 
Topography Sa Ong 


. RIGHT BANu COWN STREAM. 
ste, as <* Lata’ ** 
— 


The 2 feet contour map for the left bank (fig. 5) and 
the 5 feet one for the right bank (fig. 4) in the lower 
reach of Damodar have been constructed to examine 
the detailed relief features. The regional trend of the 
slope is towards south-east. The elevation at Rhondia 
is 154 feet above mean sea-level while near Hooghly 
estuary the height is 4 feet. Numerous undulations, 
valleys and levees have been formed by the past 
behaviour of the channels. Low-lying pockets are also 
found, which are either occupied by marshes or water- 
logged areas and are devoid of cultivation. These 
regions help to breed malaria mosquitoes. 











Damodar-Rupnarayan Inter-Riverine Plain 

A close examination of contours reveals that the 
regional trend of the slope is from north-west to 
south-east. It appears like gentle steps, that is, 
somewhat like a staircase. The landscape seems to 
be one of alluvial rice terraces. The slope trend is from 
west to east to the north of Kata Khal and from 
north-west to south-east to the south of this khal. 
While crossing the Kana Nadi, the contours are 
more widely spaced than on the northern side of 
the river. 


The average slope which exists between the Damo- 
dar and the Dwarakeswar is 2.1/2 ft. per mile. ‘This 
slope is rather less than that of the Damodar imme- 
diately above Jujuty where the slope is 2.83 ft. per 
mile and rather more than the slope between Jujuty 
and Edilpur where the slope is 1.55 ft. per mile.” (1) 


Damodar-Hooghly Inter-Riverine Plain 

The trend of the slope is from west to east to the 
north of R. Banka. Innumerable meanders have de- 
veloped in the Khari Nadi; and the contours are 
very irregular to the west of this river. A low lying 
pocket or depression has developed in the eastern 
part of the Kaya-Behula inter-riverine plain. Small 
highlands or mounds are found along the Bhagirathi 
strip from Katwa to Purbasthali. 





South of Gangur or Behula R., the slope is from 
north-west to south-east. A very prominent natural 
ievee has formed along the left bank, downstream 
of the Damodar R. This levee can also be traced 
from the old channel of Damodar. Such formation 
of the levee in this part of the valley constitutes an 
important feature of the topography. 














The slopes become more gentle to the south of 
Damador. The Saraswaty-Hooghly inter-riverine pla- 
in has become infested by marshes and depressions. Fig. 4 
The notable one among them is the Dankuni jala 
which is an area covered by marshes. Rajpur swamp, 
a depression, occupies a large tract in the Kana Source : Damodar-Hooghly Scheme Contour 
Damodar-Swarasaty inter-riverine plain. Survey—-1933-34, i 


‘ 
, 
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Fig. 5 
Source—Damodar-Hooghly Flushing Contour 
Survey— 1933-34 


Subsoil Features 

The sub-soil of the area, up to the depth of 50’ (see 
table no. | prinedt separately), under investigation, has 
been sampled by bore-holes and has been divided 
according to international value of the particle size 
of the samples, as classified by Prescott and others 
(2). Clay, loam and sand predominate in the area. 
Nature of sedimentation as textural classification 
suggests, is either slow or quick, because coarse sand 
and clay deposition exist in most of the cases. Medium 
texture, i.e, silt plays a very minor part in the sedi- 
mentation in the Damodar-Bhagirathi inter-riverine 
plain. 


- Chemical Analysis of the Soil 

Selected soil samples from bore-holes all over the 
area have been tested for pH and show that a large 
majority of soils at the top surface have pH ranging 
between 6.5 and 7.5 (fig. 6). Only in 2 places, Khrishna- 
rampur and Puinan (Hooghly District), pH recorded 
is slightly higher. In the above 2 stations the salt 
present in the soil is also high (1.66% and 1.72°%,). 
The areas with high pH content and with high salt, 
present in the profile, are under the threat of a poten- 


tial danger of alkalisation at a subsequent stage if 
ocnditions become favourable. It is interesting to 
note that, in all the stations, pH increases with the 
depth except at two or three places (Bajemalia-Hoo- 
ghly District; Radhanagar and Gidhagram-Bur- 
dwan District). In these places, slight decrease of pH 
has been observed with increase of depth. There are 
a few stations where pH value remains more or less 
the same with increase of depth. 


There are 10 stations where salt content is more 
than 0.100%. Ous of these, in 4 stations, the salt 
present in the soil is above 0.150% (Krishnarampur, 
Puinan, Kotalpur-Hooghly District ; Akalpaush- 
Burdwan District). The percentage of salt present in 
the soil is found to be greater in the Hooghly District 
than elsewhere. 


Carbonate is by far the major chemical constituent 
present in the soil. In the upper surface, most of the 
stations show traces of carbonate, but in the middle 
and lower layers, carbonate is only sometimes pre- 
sent. 


Damodar Group and Bhagirathi Group 

Two distinct groups of sediment are evinced by 
colour. The colour of Damodar sand is brown or yel- 
low. The colour of the Bhagirathi particles is grey. 
Soil profiles are drawn according to textural classi- 
fications which have been plotted for different depths, 
and then east-west and north-south grid lines (fig. 7) 
have been selected for the study of nature of subsoil 
geology in the area under investigations. 


East-West Profiles 
A close examination of the east-west subsoil profi- 
les reveals the nature of sedimentation (fig. 8). 


Diagram No. 1 shows that clay soil rests on sand. 
Particularly in Haridaspur, sand is available upto 
the depth of 45’ and the clay loam from the surface 
to the depth of 11’. The bottom sand is whitish yellow 
and the rest, of grey colour. In Dastanpur which is 
in the proximity of Damodar R., sand is found at the 
depth of 22’ to 25’, and below it, medium clay occurs. 
Above it, clay loam and medium clay are found. 
The colour of the clay soil is yellowish grey. 


Digram No. 2 shows that in Brahmanpara, sand 
is found upto the depth of 15’ from the surface, and 
below it, heavy clay and silt loam occur. The colour 
of the sand is yellowish grey and grey. In Bajemelia, 
clay predominates in the subsoil. The sand of yellow 
colour appears at a depth lying between 9’ and 15’. 


Diagram No. 3 reveals that clay soil predominates in 
the area concerned. Sand of yellow colour appears 
at a depth of 34’ to 35’ at Puinan, and between 37’ 
and 38’ at Bhanjipur which is situated near the 
Damodar river, 


Diagram No. 4 shows that soil of coarser texture, 
that is, sand, is practically absent in both the profi- 
les, Clay soil is found in either of them. 
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; North-South Profiles 

A close examination of the north-south subsoil 
profiles reveals the longitudinal sedimentation of 
the area (fig. 8). 


Diagram No. 5 shows that clay soil is found on the 
upper layers of the profie. Sand of yellow colour 
appears below clay at a depth of 37’ at Bhanjipur, 
and from 7’ to 21’ and 59’ to 60’ at Rajhati. 


Diagram No. 6 shows that a fine soil texture, that 
is, clay and clay loam, is found on the upper sections 
of the profiles. Sand is found between the depths of 
of 20’ and 30’ from the surface at Gidhagram, Mahes- 
Danga and Dastanpur. 


Diagram No. 7 shows that clay formation pre-omi- 


Fig. 6 


nates in the subsoil geology. Sand is only found at 
Denur at a depth of 26’. 


Diagram No. 8 shows that sand of yellowish grey 
colour appears at the surface at Sultanpur, at a depth 
of 33’ (yellow colour) at Punian and of 19’ at Baje- 
melia. Clay soil is present in the upper section of the 
profiles. At the surface it is found to occur at Puinan, 
Bajemelia, Gangadharpur and _  Krishnarampur. 
Heavy clay is found at Dakhinbari and medium clay 
at Begpur. 


From Diargam No. 9 it can be seen that sand of 
yellow and grey colour occur at Radhanagar (10 to 
15 ft. depth) and Haridaspur (below 26’ from the sur- 
face) ; otherwise clay and clay loam predominate. 














teDtan JOURNAL OF POWER AND RIVER VALLEY DEVELOPMENT 


8 “Sta 


L “314 





~ $39N383438 A2NOT10) 


‘eH 
Lal 


“a> . 
aan 
wHOT ANID 


‘avo ry 





“meOue HtG08y °°" OB 

4380 ABVO AULHDISC *'* Das 

‘Zaed HSiMO T1394 ATH OIG *"* DKS 

4£BBD KSA OM 

‘ASD LNDTag "Oe 

4£Sudiudir-**° OF 

mOTIEA HSATED" AD “4340 awva*"***D°a 

MONTE WSUINA “‘£aBrHOMOTIM DE 
move . sawn > 


$s (22) fi 2 >, v 2 % nN 4 s rn 
TAMING ANGAVAYNHSHAN OZandaNaVONYD G)YTINIVE GI)NOMINd MandnvLAns ()und930 


ev00 2072 > 4 ser | add in 
“v2 sn & seven J j | 
= ane 





s +3 ye 9 4 ct) fn s a 
GI NVM dGandTvL0% OzndsvOaWHH GsMaWAY GavoMNMHOVa 








GON WvBoVIG 














LL) ee kt 


Sa a ls 








AON AVBOVIG 















O°***NOlLVLS ONIUOg 








s 


é 4 4 
Qe IMONNSR VHD WHY = aNd7WIOA = aNdNVLSWO 


“VON 


avy34 


wvoy Ayn 


3 


voy aus 





WIVISNS 


Gi mnarior (12) SNdWVAYNNSIA 


= 


> Vv 





SIave 
BVO TAWND AONwS 
é Aw? seeoeT 
ae 
an, 
~ s a a. 9 a a, . a 1 e 
(QNVIdid = (#)LNT7NX—(®)BNNIG - o~ z 
> von 
oe 
u 
a 
SON wWvaOVIC im 
9 ON rm. 
awn 7” { 
anve ‘ re 
os re — 1) res 
or anvs aor 
Pe cn de inhi 2° gerd aw EF PA TOF 
} anvs aad bee 
*awD AHDY Ui > a le 
wor Aw I> > Ajeew on awe 24 nvor sv 12tnriP 4g 
7” 


4 s n s * 


























aovsauns 
s 


‘ ‘ ’ 
VONVOSIHVA =WVAOVHOID (I)andHaNs 


~ S$3114d0Ud HLNOS -HLYON - 
































: ‘ ‘ 
(G2) andswMS3Nv@ (92) AVHC va @dunaicNvHe 





- S$3140Ud LSIM- 1SV3- 


‘€'ON ‘Z'ON TON wvaoWld 

0s ys J 9s 

pA" AD a Ory > eran ree or, oven avta mioe or ver | . 

i ra yh AW? 4! Pe + me . 
womens = so — a Oo Rae Ci 
= ae7> 4A0TH 7 anvs 4 aw savin ‘ i Peete 

. eer > wor Av4> «4 ¢ renws 2 lor “' potch git ¥ vo 4v12 o 
(07 9 22 bel? 4 ven 4732 wea? tv) eves? “myo Av22 bel 9% Onvsh-j2 4/9 "pal nvo> avrg mvo™ av 1? le 

ou ™ Jovauns or er y22Vans tm a JIvsaNsS 4, vy 

1 (andi Giwwnind = Gi)NWNNYa «= GN YITINITYS — @’)vaWaNVNHES (I EAENVLSVG = (I)BAdS¥OaVH 


























BPE Rta p 

















. tentat sovneAL of PowsH AND niviin Vattiy pilvEeLoPitti’? 














InsURA 


SCALE ) a ee | MuES 








Fig. 9—Lower Reach of Damodar 


Drainage Channels 

The Damodar River—Attempts have been made by 
previous writers to classify the rivers of Bengal 
according to their hydrological characteristics. Accor- 
ding to Major Hirst Damodar river falls into the cate- 
gory of ‘land denuding rivers.’ (3) S. C. Mazumdar 
terms the rivers which have their source in the Chota- 
nagpur plateau and its continuation, and fall finally 
into the river Bhagirathi or Hooghly as ‘torrential 
rivers’ (4). In a paper which A. N. Mitra presented 
before the Institution of Engineers (India) in 1932, he 
pointed out that each of these active delta-building 
rivers (as Mr. Adam William terms them), is flanked 
by river on each side, into which the active river dis- 
poses of its flood-water by spilling across the country. 
An active river runs generally on a ridge formed by 
its own silt ; and the rivers which run at lower levels 


are evidently meant by nature to carry the spill of 
these active rivers. We may term these side rivers 
as the ‘passive drainage rivers’ or simply the drainage 
rivers. Coming now to the Damodar, this active river 
has got the Hooghly on one side and the Rupnarayan 
on the other to spill into (5). The Damodar R. has 
been described under the head of deltaic rivers by 
many writers including William Wilcocks. 


The lower Damodar now, with the braided course, 
flows in a south-easternly direction. Its sinuousities 
are few ; and “leaving aside the permian sedimentaries 
of the Raniganj coalfield, this river begins to flow on 
new alluvium of its own creation ; it widens as it 
passes through the lateritic gravels and the old allu- 
vium that borders the hill lands in Western Rahr ; 
and by the time it reaches Hooghly District it has 
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become a typical sluggish -deltaio stream.” The 
watershed line is not so perfect as the rain-catchment 
area “which is vomnded 1 in some districts by arti- 
ficial features such as railway embankments or flood 
control ‘bandhs’ as the zone of subterranean infil- 
tration during the dry season.”’ (6) The left side 
of the river below Rhondia has got continuous embank- 
ment. But, on the other hand, the embankment on 
the right side was removed in 1868 to help the left em- 
bankment. The valley floor is wide at Rhondia and 
it continues over a few miles below Burdwan. Then 
at Palla a sharp bend in the river takes place, and 
the course which the river assumes is almost a souther- 
ly one. Concentration of water, right upto Jamalpur, 
is found sometimes to ocout by the left bank and at 
others by the right bank, particularly whenever the 
river-bed contour is comparatively lower and the 
bed slope steeper, and in depression (e.g. Bishalakshi 
Dah—see Photo No. 2). 


A map of the river Damodar published in 1857 by 
the Bengal Government (fig. 10) shows how the lower 
Damodar was an active river in the middle of the 19th 
century.But due to its avulsion into the drainage 
channel Mundeswari, in 1865, it has become a drainage 
river. There are also other drainage channels like 
Kabla Nadi, Harinakhal etc (See photo) but they do 
not have good quantity of flood water. Lower Damo- 
dar below Mohiddipur is not a very active channel 
today. A fraction of the normal flood discharge en- 
ters into the channel, the channel becoming cons- 
tricted in form as it moves downwards. Amta on- 
wards, the tides rule the lower Damodar. 


Spill Channels—The whole, or at least a greater 
part, of the discharge brought down by the present 
Damodar R., diminishes by more than half from the 
bend at Salalpur, as we proceed upto Amta. The 
surplus floodwater partly gets spilled over the country 
(being consumed by hanas), and is partly discharged 
through other channels, such as the Banka, Kana Nadi, 
Kana Damodar and Madaria Khal on the left side, and 
the Mundeswari and Kana Dwarakeswar on the right. 
About 100 years back, the left side was completely 
closed to spill by a high continuous embankment, 
while the right side was lowered by the removal of 
20 miles of old embankment. As a result of this the 
river overflowed the right bank annually for a 
distance of several miles till some years ago, when a 
great flood burst through the right bank at Begua. 
The flood water scoured through a long channel, 
flowing parallel to the main stream at a distance of 
about 2 miles, and finally swelled the volume con- 
veyed by the Mundeswari, a drainage channel. The 
combined stream, after joining the Kana Dwarakeswar 
which is also known as the Kana Nadi, instead of 
coming eastward into the Damodar Khal, forced its 
way into the Rupnarayan opposite Ranichak. This 
combined stream runs wider and deeper, carrying a 
large influx of water into Rupnarayan in the flood 
season. As a result the main channel, lower Damodar, 
has shrunk perceptibly. The spill carries all the top 
water while the bottom water, with a full comple- 
ment of coarse sand, moves along the lower Damodar 
river bed. With the removal of right embankment in 
1863 the river secured the privilege of free spill over 
the right bank. 


Left Bank Channele—There had been a number of 























spill channels on the left bank, that were blocked off 
by the left embankment. The old courses of some 
of these are still visible, and even found to be working 
as drainage channels. They are described here. 


Gangur or Behula—It rises in the Burdwan District, 
and bifurcates into two channels near Baddipur. The 
northern branch of Gangur or Behula moves in a 
circuitous course, and meets the Hooghly water near 
Somra. The southern branch flows in a southeasterly 
direction and falls into Mogra Khal. 


Nayaserai Branches—These are the old channels of 
Damodar which used to find their way into the 
Hooghly R. at and about Nayaserai, 3 miles above 
Tribeni. 


Kunti or Kana Nadi—The Kana Nadi branches off 
from the main stream of Damodar near Jamalpur. It 
falls into Hooghly R. after taking semi-circular turn. 
The total length of the stream altogether is about 
50 miles. The upper reach is annually flushed from 
Eden Canal. The channel has some flow of water all 
the year round, 
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Photo No. 2. Bishalakhi Dah 


Photo No. 1. Damodar R. at Durgapur 


Photo No. 3. Main Damodar Down-Stream below 
Mohiddipur 


Photo No. 6. 
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Photo No. 11. Kaki River 





Photo No. 13. Damodar River at Jamalpur 


Kana Damodar—It was once a large channel. The 
mouth of the Kana Damodar has been silted up, and 
this channel is being flushed annually from the waters 
of the Eden Canal. Kausiki R. links up with the Kunti 
or Kana Nadi, and the Kana Damodar. Thereafter 
the combined stream flows on and finally falls into 
Hooghly R. 


Khari, Banka and Brahmani Drainage Channels 
Khari, Banka and Brahmani and also other in- 
termittent streams have escaped the influence of spi- 


Photo No. 10. Harina Khal at Rautara 





Photo No. 12, Damodar River at Champadanga 


Ne 
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Photo No. 14. Damodar River at Amta 


llng due to the Damodar left bank embankment. 
Vanden Brouke’s map (1660) depicts that the Banka 
R. was a large one, and carried considerable quan- 
tity of discharge of the Damodar water. M. Peron’s 
map (1780) of inland navigation shows that the 
Banka was navigable river for a considerable part of 
the year. Recent field survey (1956) represents 
Banka as a trifling stream (See Photo No. 7), having 
dry sandy bed as the prevalent feature in its upper 
reach. 








The behaviour of these streams differs spemelinty 
from that of the spill channels, and their life-ayole has 
been disturbed by the construction of embankments 
on the left bank of Damodar downstream. Naturally 
they are known as ‘Beheaded Streams’ (7). Some 
writers believe that ‘certain amount of entrenching 
of the river beds of the Khari and Banka to the 
east of Burdwan points towards the ble proof of 
elevation of this area. Moreover, the existence of 
terraces on the riversides, especially in the Khari, 
leads to the same conclusion”’ (8). Incised meanders 
cutting across the alluvial country with vertical oli- 
ffs, have been developed in the upper and the middle 
reaches of their basin. Perfect meanders have 
been developed in the consequent streams; these 
meanders happen across low lying areas or depressions 
or marshy tracts in their lower reach. 


Width of the River Valley 
The width of the Damodar river valley, in its lower 
reach, has increased considerably. By studying the 
increasing width of a rivervalley, one can of course 
measure the gradual extent of the floodplain in rela- 
tion to time. 


The present data also give an idea about lateral 
encroachment of the flood plain (see table no. 2). 
Considerable increase of the width in the Damodar R, 
has taken place at Raghabpur, Jujuty, Manikhati 
and Dhapdhara. Decrease of width occurs at Edil- 
pur, Bacherhat and Serangpur. The width remains 
more or less constant at Palla, Salalpur, and Jamal- 
pur. Only slight variations occur in these regions. 


Change of valley width from bank to bank of Kana 
Nadi (between 1856 and 1933, i.e. 79 years) is shown 
in the table No. 3. In 1856 Kana Nadi possessed the 
symptom of an inundating river. Near Selimabad 
the width which in 1856 was 900 ft., became 134 ft. 
in 1933. The decrease of 766 ft. had taken place in 
79 years. A good amount of decrease in valley width 
had taken place between Selimabad and Kalapahar 
(within 2 river miles). A slight amount of increase 
in valley width is found at Baldanga and Kamalpur 
(6th and 11th mile from Selimabad). Again a slight 
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amount of deorease in valley width is found at Jadu- 
batti (14.1/2 miles below limabad). . 


A considerable amount of the decrease of flood plain 
in the upper portion was probably due to the decrease 
in the quantity of flood water and the consequent 


encroaching nature of cultivation on the widened 
fertile flood plains. 
Rise of the River-Bed 


The study of cross-sections recorded from 1888 
onwards, reveals that the rate of aggradation has 
not been very unusual. However the study of the 
cross-sections of the 1913 and the 1943 flood-levels 
shows that there has been some progressive rise in the 
river-bed (See fig. nos. 12 and 13). The cross-sections 
of the Damodar channel at Raniganj is also almost 
steady. Scour and increase of river-bed go on simul- 
taneously at Edilpur. Here, erosive action of the 
river is prominent. Cross-sections at Sarangpur, 
Manikhati, Palla, Jamalpur and Dhapdhara reveal 
that a rise of the river-bed has taken place on the 
whole, while scour sometimes occurs on the right 
bank side. At Champadanga the present river-bed 
(1955) is considerably higher than what the bed plane 
was in 1888, particularly on the right bank side. 
Slight scour has of course taken place on the left 
bank side. The present gutter-channel is the scoured 
portion over what it was in 1888. 
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LONG PROFILE OF THE DAMODAR RIVER 
ALONG THE DEEPEST POINTS ON DEC. 1945. 

















Fig. 12 
Source: River Research Institute. 


In 1929, the river-bed at Amta (fig. 14) was suffi- 
ciently deep. Considerable rise of river-bed took place 
from 1929 to 1949, particularly on right bank side. 
Left bank was scoured in 1934, and since then there has 
been a tendency to erode the left bank side because 
higher velocity as well as a directed bank-ward flow 
of flood water occur on that side. Superimposed 
cross-sections show that aggradation is ‘the predomi- 
nent feature in the river-bed, 
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Source—River Research Institute, West Bengal. 
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C.S.OF MUCHIHANA AT PAIKPARA DISCHARGE SITE 1955, 
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C.S. OF KABLA NALA AT MAYAPUR DISCHARGE SITE 1955 























Fig. 
Source—Lower Valley 


Cross-sections of 1955 (fig. 15) reveal that the river- 
bed is considerably wide at Paikpara, but narrower 
at Begua Nallah and Damodar R. (at Mohiddipur 
Discharge Site). The gutter channel is much deeper 
and wider at Mundeswari (Harinkhola) than what 
either the Harina Khal (Rautara) or the Kabla 
Nadi (Mayapur) happens to be. Comparatively large 
volume of flood water passes through Mundeswari, 
and this flowing water has got sufficient velocity to 
corrade the bottom. 
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Slope of the River-Bed 

A long profile of the Damodar R. along the deepest 
points, as in 1943 between Silna and Dhapdhara, in- 
dicates that the bed of the river has not risen relati- 
vely to the neighbouring countryside, as it has been 
believed to have done by several experts (See fig. 12). 
It also indicates that the profile is not very smooth 
at the deepest points. The river-bed slope is gentle 
from Damodar Bridge site to Surekalna, just above 
the bifurcation point. Along Muchihana and Kaki 

















TABLE NO. | 


Statement showing Soil Texture, Mechanical and Chemical analysis of the Soil 
Results obtained from : Central Testing Laboratory (D.V.C.) Maithon: The classification of texture was carried out by the 
author on the lines indicated by Prescott et al (2) 
N.B. Coarse Sand: 2mm—0.2mm 
Fine Sand —0.2 mm—0.02 
Silt-—-0.02 mm: 0.002 
Clay: <0.002mm. ° 








Result of Analysis 








SiteNo Mouz1z, PS Soil Depth of Texture of M echanical Chemical 
Sample & Dist. Collected Soil $$ AB) tA ea BP SSS ERS 
No (in several Sample Coarse Fine Sand ‘silt Clay Total Salts pH Carbonate 
order) Gravel Sand 
1/1 0’ 0”-3’ 0” Loam 0.4 7.1 46.5 25.6 18.4 0.01 7.6 Nil 
1/2 Sudhpur, 6’ 11”-8’ 5” — Sand 0.4 40.8 54.7 0.9 2.8 7.9 Nil 
1/3 Katwa 16’ 0”-18” 4” Silt loam -- 3.9 18.1 51.3 20.8 8.4 Trace 
1/4 Burdwan 33’ 3”-36 4” Heavy Clay -- 2.9 9.1 21.6 62.8 7.5 Nil 
2/1 Gidhagram 0’ 0”.3’ 0” Medium Clay 0.5 10.9 19.6 22,7 39.5 0.058 7.9 Present 
2/2 Katwa 6’ 8’-8 10" (Medium Clay “0.7 6.7 24.4 19.9 46.0 7.5 Nil 
2/3. Burdwan 22’ 0"-25' 1" © Sand 10.2 75.9 6.3 0.9 6.3 6.9 Nil 
3/1 0’ 0”-3’ 0” Clay loam 0.1 17.1 27.5 27.0 23.0 0.016 7.5 Nil 
3/2 Denur 7'5”-9' 1” Clay loam 5.0 31.7 15.8 13.6 31.3 7.8 Nil 
3/3 Monteswar " 13’ 6”-16°2” Clay loam 0.2 39.5 19.4 13.2 26.2 7.1 Nil 
3/4 Burdwan 26’ 5”-28'3” _— Sand 1.5 65.0 21.8 1.6 9.1 7.1 Nil 
4/1 0’ 0"-3’0” Light Clay 0.3 5.4 27.6 25.2 40.0 0.036 7.7 Nil 
4/2 Kulut 2’ 3”-13’ 6” Light Clay 0.9 9.3 27.8 20.3 36.3 8.4 Present 
4/3 Monteswar 16’ 2”-19' 10” Sandy Clay loam — 31.4 36.7 6.5 22.3 7.1 Nil 
4/4. Burdwan 28’ 2”-30’ 3” Light Clay 0.2 2.7 21.8 31.4 37.8 7.5 Nil 
5/1 Piplan vu’ 0"-3’ 0” Clay loam 0.6 5.4 31.5 33.4 23.2 0.064 7.2 Nil 
5/2 Monteswar 8'10’-10’ 10” Clay loam 4.1 10.0 30.9 33.3 17.0 7.5 Present 
5/3 Burdwan 29° 11"-31' 1” — Light Clay 0.6 7.3 27.2 23.2 33.1 7.5 Nil 
6/1 Begpur 0’ 0”-3’ 0” Medium Clay 0.2 0.6 11.7 41.7 42.0 0.06 7.6 Trace 
6/2 Kalna 10’ 16’-13” 3” Medium Clay 0.4 6.0 18.9 25.9 42.1 8.0 Present 
6/3 Burdwan 19’ 8”-21’ 4” Medium Clay 1.1 7.1 21.4 21.6 42.7 8.2 Present 
7/1 0’ 0”-3’ 0” Sand —- 32.8 59.7 0.4 4.9 ° 0.123 7.5 Nil 
7/2  Sultanpur 9’ 4-11’ 4” — 1.0 12.2 39.4 34.6 7.1 Nil 
7/3 Kalna 16’ 11”-20’ 4” Light Clay — 3.6 21.8 30.9 35.1 TA Trace 
7/4 Burdwan 26’ 8”-29’ 11” Medium Clay . 1.6 4.5 19.8 24.2 42.5 8.5 Present 
7/5 34’ 8”-37' 10” Medium Clay — 12.5 15.4 26.: 39.8 7.8 Trace 
8/1, Radhanagar 0’ 0” - 3’ 0” ~— Light Clay — 2.6 35.1 19.3 37.4 0.142 74 Nil 
8/2 Kalna 10’ 0” -14’ 0” Sand — 19.1 76.7 2.1 1.2 7.0 Nil 
8/3 Burdwan 20’ 8” -22’ 7” Clay loam — 24.1 21.6 15.9 33.5 6.8 Trace 
9/1 Akalpaush 0’ 0” - 3’ 0” Medium Clay — 1.6 20.2 29.7 41.3 0.182 7.3 Nil 
9/2 Kalna 14’ 7” -18’ 6” ~— Light Clay — 1.2 22.2 31.6 35.7 75 Nil 
9/3 Burdwan 26'10” -27’ 6” Medium Clay aH 3.3 25.6 21.0 45.2 8.4 Present 
10/1 Chaubera 0’ 0’ - 3’ 0” ~—s Silt loam — 4.4 24.5 43.7 21.8 0.139 7.6 Trace 
10/2 Pandua 10’ 6” -12’ 5” Clay loam _ 6.8 43.8 19.6 26.6 1B i, Nil 
10/3 Hooghly 13’ 9” -18’ 0” Medium Clay — 1.0 19.6 33.8 39.4 5.7 Nil 
10/4 34’ 8” -37° 0” Medium Clay -- 1.6 12.0 34.0 46.8 7.3 Trace 
11/1 Haridaspur 0’ 0”.- 3’ 0” Clay loam 0.3 1.8 40.6 27.6 26.6 0.073 7.8 Present 
11/2. Pandua 9’ 9” -11’ 8” Clay loam _ 4.0 45.0 20.2 25.0 7.5 Nil 
11/3 Hooghly 26’ 0” -27’ 8” Sand 0.2 32.0 62.0 0.5 2.5 7.8 Nil 
11/4 42’ 6” .45’ 2” Sand 1.6 91.4 3.6 2.2 0.3 7.7 Nil 
i "(4,76-2.0 : 
mm) ; 
12/1 Kataplur 0’ 0” - 3’ 0” Loam 1.4 1.6 35.1 41.9 14.0. ° 0.175 7.6 Nil 
Mahanad 
12/2. Polda 9’ 8-11’ 5” HeavyClay ~§ — 0.5 5.8 30.9 * 56.5 6.8 Trace 
12/3. Hooghly 30’ 0” -32’ 2” Light Clay 0.2 9.9 27.8 20.7 35.5 7.4 Trace 
12/4 33’ 6” -35’ 9 
13/1 Maheshdanga 0’ 0” - 3’ 0” Loam — 1.7 63.2 18.2 14.7 0.038 7.5 Nil 
13/2 9. 5” -13’ 0” = Clay loam —_ 5.8 49.1 18.3 22.2 7.1 Nil 
13/3 Memari 23’ 3” -25’ 8” Clay loam ea ae 10.9 18.6 33.6 30.3 8.0 Present 
13/4 Burdwan 34/11” -37’ 8” Sand 0.5 79.1 15.4 0.8 3.8 7.5 Nil 
14/1 Dastanpur 0. 0” - 3’ 0” Clay loam 0.3 23.5 25.5 17.9 17.2 0.022 7.5 Nil 
14/2. Jamalpur 8’ 8” -11’ 9” Medium Clay 0.2 20.2 14.0 18.8 41.7 7.4 Nil 
14/3. Burdwan 16’ 4” -18’ 3”. Clay loam 0.4 40.4 22.7 8.8 24.5 7.4 Nil 
14/4 22’ 3” -24’ 1° Sand 4.6 78.5 8.5 2.7 4.6 7.4 Nil 
14/5 31’ 2” -33’ 5” Medium Clay 0.3 16.0 19.2 18.2 39.6 7.7 Nil 





TABLE NO. 1—contd 








Result of Analysis 











SiteNo Mouz1, PS Soil Depth of Texture of Mechanical Chemical | 
Sample & Dist. Collected Soil | 
No (in several Sample Gravel Coarse Fine Sand Silt Clay Total Salts pH Carbonate 
order) , Sand 
15/1 0’ 0”- 3’ 0” = Clay loam = 2.7 23.3 35.7 30.8 9.058 8.4 Not found 
15/2‘ Paunan 8’ 6” -10’ 6” = Clay loam -- 9.7 29.9 32.1 26.2 7.2 Not found 
15/3 Polba 17’ 6” -19’ 5” Heavy Clay — 0.9 8.7 28.1 54.0 7.7 Not found 
15/4 Hooghly 26’ 9” -28’ 9” Light Clay _ 3.7 15.7 20.7 48.4 8.4 Present 
15/5 33’ 7” -35’ 2” Clay loam — 8.0 26.3 25.1 34.4 8.2 Present 
4.76—2 } 
15/6 38’ 5” -39’ 9” Clay loam mm 7.9 20.5 19.1 30.9 9.0 Present 
16/1 Puinan 0’ 0”- 3’ 0” Clay loam oo 2.8 45.3 22.2 25.3 0.172 8.3 Not found 
16/2 _— Polba 11’ 1” -13’ 8” Medium Clay -— 1.6 15.9 31.6 43.3 7.1 Present 
16/3 Hooghly 13’ 3” -15’ 0” Heavy Clay _ 1.6 13.5 28.3 51.0 6.8 Not found 
16/4 33’ 0” -34’ 1” Sand = 64.2 22.9 2.6 8.3 8.4 Present 
16/5 3610” -38’ 3” = Light Clay 6.3 23.3 24.8 38.7 7.7 Present 
17/1 Kalachara 0’ 0” - 3’ 0” —_ 5.4 21.7 27.5 34.0 0.086 7.7 Not found 
17/2 = Haripal 11’ 7” -15’ 3” Heavy Clay -- 1.5 17.2 19.8 53.2 7.1 Not found 
17/3 Hooghly 18’ 1” -20’ 2” Medium Clay 7.3 4.7 16.0 18.7 46.5 8.2 Present 
17/4 31’ 3” -34’ 1” Medium Clay a 6.3 19.7 24.3 45.2 7.8 Present 
18/1 Brahmanpara 0. 0” - 3’ 0” Sand — 46.3 36.3 4.6 101. 0.124 7.3 Not found 
18/2 Haripal 9’ 6” -14’ 8” Sand — 92.8 5.0 0.1 1.7 7.8 Trace 
18/3 Hooghly 18’ 0” -19' 5” Heavy Clay om 18 106 266 55.6 7.3 Present 
18/4 32’11” -34 0” ~— Silt loam a 2.3 15.7 49.5 27.8 8.3 Trace 
19/1 0’ 0” - 3’ 0” ~ Clay loam _ 0.9 51.1 24.0 20.7. 0.072 7.7 Not found 
19/2 Bajemelia 19’ 0” -24’11” Sand — 79.7 10.4 2.5 1.9 7.5 Not found 
19/3 Singur 25’ 2” -27’° 1” Medium Clay 3.7 20.8 25.4 46.0 7.6 Not found 
19/4 Hooghly 30’ 0” -32’ 2” = Light Clay — 4.3 32.6 20.2 37.4 7.5 Present 
19/5 43’ 2” .45’ 6” Clay loam _ 1.2 30.7 39.3 24.2 7.7 Not found 
19—  Bajemelia (ii) . 14’ 4” -16’ 3” Clay loam — 5.0 42.1 29.7 18.2 6.9 Nil 
20/1 Gangadharpur 0’ 0” - 3° 0” ~= Clay loam _ 0.3 49.9 25.8 20.1 0.074 7.3 Not found 
20/2 Chanditala 15’ 3” -17’ 3” Medium Clay - 1.8 18.5 28.6 45.7 7.8 Not found 
20/3 Hooghly 33’ 2” -36’ 2” Medium Clay 9.3 22.6 20.0 42.2 8.4 Present 
21/1 #Krishnarampur 0’ 0” - 3’ 0” Clay loam _ 1.2 55.5 13.8 26.5 0.165 8.0 Trace 
21/2 Chanditala 19’ 7” -21’ 3” ~— Silt leam — 1.3 10.6 45.4 39.0 7.6 Present 
21/3 Hooghly 35’11” -38’ 3” Heavy Clay _ 3.8 21.3 18.3 50.9 9.0 Present 
21/4 43’ 4” .44’ 9” Sandy Clay loam — 17.4 52.6 4.1 22.1 8.4 Not found 
22/1 Dakhinbari 0’ 0”- 3’ 0” Heavy Clay = 1.6 7.3 22.9 62.1 0.144 7.4 Nil 
22/2 Domjoor 12’ 4”-15’ 9” Heavy Clay 0.2 8.9 5.7 25.7 58.6 6.9 Nil 
22/3 Howrah 32’11” -36’ 8” Sandy loam 0.2 1.8 66.8 15.4 12.6 8.4 Present 
23/1 Baneswarpur 0’- 3’ Clay loam — 0.7 45.8 25.3 26.6 0.044 Trace 
23/2 Amta 13’ - 17’ Light Clay - 1.8 11.0 46.0 38.1 6.8 Present 
23/3 Howrah 29’ - 30’ 23.6 115. 22.8 21.5 8.3 Present 
24/1 Aima Chak- 0’ 0” - 3’ 0” Sand - 39.0 44.1 3.8 11.1 06.069 7.5 Nil 
Bishnupur 
24/2 Jagatballavpur 12’ 7”-17’ 2” Clay loam - 1.3 33.2 28.5 33.3 8.4 Trace 
24/3 Howrah 33/11” -37’ 1” Medium Clay _ 8.3 14.3 24.6 46.7 8.4 Present 
25/1 Kotalpur 0’ 0” - 3’ 0” = Clay loam ~ 3.6 36.8 23.2 32.0 0.106 6.8 Trace 
25/2 Jangipara 16’ 8” -18’ 5” Clay loam _ 1.1 22.1 39.8 34.3 7.9 Present 
25/3 Hooghly 27’ 1” -29’ 5” Heavy Clay = 1.8 12.5 25.2 56.8 8.1 Present 
26/1 0’ 0” - 3’ 0” Sandy loam -- 3.6 65.6 12.4 15.8 0.084 7.4 Not found 
26/2 Rajhati 11’ 4” -14’ 6” Medium Clay ++ 5.4 27.3 21.4 39.5 7.8 Trace 
26/3 (P.O. At pur) 17’ 0” -21’ 6” Sand - 44.0 39.2 4.9 10.7 8.0 Not found 
. 26/4 Jangipara 26’ 7” -27' 4” Light Clay _ 5.6 22.9 25.7 38.2 8.4 Present 
26/5 Hooghly 47’ 2” .49’ 6” = 41.5 27.0 4.1 9.7 8.4 Present 
26/6 59’ 3” -60’ 2” Sand -- 72.2 16.8 2.5 3.7 8.4 Not found 
26/7 65’ 6” -66’ 4” Medium Clay — 13.2 18.5 17.9 41.8 8.2 Present 
27/1 Bhanjipur 0’ 0” - 3’ 0” ~— Clay loam _ 3.8 39.2 25.9 28.5 0.074 7.9 Nil 
27/2 Tarakeswor 14’ 8” -16’ 0” - 6.: 18.1 21.8 43.3 8.4 Present 
27/3 Hooghly 27’ 9” -30’ 9” ~=—- Light Clay _— 19.0 19.6 15.5 37.5 8.3 Present 
27/4 37’ 2” .387 0” Sand — 80.4 10.6 1.0 2.9 7.9 Not found 











TABLE NO. 2 
Statement showing the width of the Damodar R. in different Years 














Stations Width of Rivers in feet during yeare 

1888 1913 «1918 1943 

| Raghabpore ea Ye Sa 3600 6800 6800 6320 

| Jujuty a +. da 3240 4260 4300 5000. 
Edilpur ee wat ¢ 4100 4086 4086 3700 
Bacherhat We ie ia 4025 4150 4200 3650 
Manikhati si $i =r. 2800 2800 2740. 3098. 
Salalpur a oP as 3240 3170 3240 3020 
Palla .. oy ee ee 2945 2895 2045 2930. 
Serangpur e ia ne 2020 2040 2040 1668 
Jamalpur Pe: bua és 1300 1133 1133 1324 . 
Dhapdhara as its ee 1300 1260 1300 1200 





The data upto 1918 were obtained from Addams Williams Letter No. 7652 dated 20.9.18 ; The data for 1943 were collected. from 
Damodar Flood Enquiry Report. 


TABLE NO. 3 
Comparative study of the Valley-width. of Kana Nadi 





= 





Village Distance (miles 1856 Width data 1935 Width data Increase (+-) or Dec- 
from Survey! from Survey? rease(—) in 79 years 
(ft) (ft) 

Selimabad - is er 0 900 134 —766 
Selimabad ° “< a 3 286 103 —183 
Paratal ee es - 14 519 126 —394 
Kalapahar Ry os $< 12 311 134 —177 
Kanjata os ea ee 4 175 
Kanjata m = iy 4.4 220 220 
Joorool - S im 5 314 
Baldanga i 3% v 6 310 350 + Ww 
Kanpur si 9s ee 7 240 
Kashipur be ba a 8 160 
Mudsunpor ia ee os 10 210 
Kamalpur me i “ ll 230 268 + 38 
Palasy .. ‘i . os - 11.4 180 
Pulloo és és is 13.4 150 
Jadubatti a a Re 14.3 135 

- Howrah a ‘x + 23 130 
Gopalnagar “A = as cee wees 146 





(1) After David Limond (2) After Mansingh 








TA BLE NO. 4 





Statement Showing River-Béd Slope 











: River-Bed Slope 
Station Av. Bed Elevation Drop between Stations Distance ( River- 
above M.S.L. (in ft). miles) Ft/mile Slope 
, ~ , | 
Along the Damodar R. m | 
Damodar: - 285.00 
Bridge Site 93.0 30 3.10 0.00660 | 
Durgapur 192.00 p 
. 38.0. 15 2.53 0.00050 
Rhondia 154.00 . 
une : 97.0 46 2.11 0.00040 
Jamalpur 57.0 
uin 2.7 2.4 1.08 0.00020 
Sure-Kalna 54.3 ; ' 
Bifurcation-of i 
Kanki-lower 1.0 lit 0.67 0.00013 
Damodap- --- 63.3 ; 
Along Muchi,-Hana & Kaki R. 
Bifurcation (B.P.) 53.3 
a 1.6.14 4 3.20 0.00061 
Paikpara 51.7 
+s Thy as 5.4. 1.29 0.00024 
6 miles D/S from B.P. 44.6 
- 4.9 4 1.22 0.00023 
10 miles D/S from B.P. 39.7 : 
Ones: ae 
Along Mundeswori R. 
10 miles D/S. from B.P. 39.7 
: 9.6 3.3 2.74 0.00052 
Harinkhola os 30.1 * ae ee 
Along Damodar R. (after Bifurcation) 
Mohiddipur 57.4 
25.5 13.4 1.88 0.00036 
Champadanga 31.9 
: 22.9 21.4 1.07 0.00020 
Amta ‘ 9.0... 
sug Be re fetes TN : Se AB ie I a 








Compiled from ‘‘Data on Silt Analysis in the Damodar Basin (D.V.C., 1954) and Hydraulic Data—Field Division’’ (D.V.C. 
Maithon, 1955). _ 
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Nadi, the river-bed slope is slightly steeper from 
bifurcation point to 10 miles downstream (See table 
no. 4). 


Drainage Density 
The Drainage Density or Dg is the average —— 


of stream per unit area within the basin, ie Da =< 


while L is the total length of the stream and Ag, is 
the drainage area (9). A value of drainage density 
above 5 miles/sq. mile is considered to represent a 
well-drained area. The Drainage Density of the Lower 
Reach of Damodar below Rhondia, is 0.41 miles/sq. 
mile. Therefore, the drainage of the area concerned is 
extremely poor and indicates long overland travel of 
surface water. 


Inland Delta of Damodar 
The question is often raised as to whether Damodar 
has formed a delta in the geographical sense of the 
term. 


A deltaic region begins from the point where dis- 
tributaties are given off. To be more precise the defi- 
nition of delta would be “that portion of a riverine 
deposit demarcated on one side by the sea or lake in 
which the deposit is formed, and on all others by the 
distribution of the stream, its apex being at the point 
from which the splitting of the stream begins” (10). 
In this sense the Damodar delta (even if we call it 
so) is unlike the Ganges delta or the Nile Delta. The 
deltaic action of the Damodar is indeed entirely 
different. In the first place, the river has no sea-face 
though its outfall rivers, Hooghly and Rupnarayan, 
are subject to tides. The tidal action of the sea is not 
the factor responsible for the formation of the delta. 
Its deltaic action starts much higher up at a place 
where it can no longer carry the excess charge of 
sand that it brings down from the hills, and so drops 
it on the bed. This reduces the waterway considerably 
and the river breaks through its banks and debouches 
on to the plains through various channels giving rise 
to a deltaic form. Deltaic action of the Damodar 
begins with the recession of the river from the high 
banks on both sides, and as the slope of the country, 
through which the river flows, flattens. 


The shape of the drainage lines taking deltaic 
form, and the tidal Hooghly acting as the sea-face, 
the delta built by the Damodar R. can be termed as 
‘Inland Delta’. This delta extends from its apex at 
Burdwan to Kalna on the North and to Geonkhali 
on the south. In the 17th Century the main flow used 
to pass into the northernmost course near Kalna, 
whereas the present flow regime confines to Rup- 
narayan. 


The study of subsoil geology furnishes the follow- 
ing facts— 
(1) There are no continuous layers of sand, silt or 
clay present in the inland delta of Damodar. 
(2) The detritus brought down by the two rivers, 
Damodar and Bhagirathi, are found to be in- 


termixed at all places. The boring stations close 
to Damodar (nos. 23 and 25) show Bhagirathi 
detritus, while stations (nos. 3 and 8) close to be 
Bhagirathi R. indicate the presence of Damodar 
sand. 

(3) Scattered claypans of varying thicknessess are 
found to infiltrate beds of sand or silt over the 
deltaic region. 


The above facts reveal that the two rivers, the 
Bhagirathi and the Damodar, and their spill channels 
have been wandering to this side and that, and in- 
termixing during the past over the area, and have 
thus built up the inland delta. 


Now with human interference the delta forming 
activities of the Damodar have been completely dis- 
turbed. The embankments on both banks of the river 
have stopped all spill, cutting off successfully the dis- 
tributaries on the left bank such as Banka, Kana 
Nadi and others. Further human action has been 
pushing the river course more and more towards 
the right and has ultimately led the main channel 
into Mundeswari through which also flows the 
drainage of the Trans-Damodar area and the spill 
waters over the right bank starting from the Bibir- 
hagan Hana. It can therefore be expected that with 
the reduced discharge that is likely to flow down the 
river in future due to D.V.C. dams, the river will 
form a stable channel below Begua Hana unless tidal 
action forces the river to break up into different 
channels. 
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equals to Mack Rear End 
Dumpers. The qualities that 
have made Mack the acknow- 
ledged leader in heavy-duty 
dumpers are top performa- 
nce... outstanding economy... 
maximum dependability. 


and spare parts organisation. 


9 
Mack's are handling the heavy 


loads on India’s Projects 


VOLTAS LIMITED 
Construction Equipment Dept., 


Bombay * Calcutta * Madras * New Delhi * Bangalore 
Cochin * Lucknow * Ahmedabad + Secunderabad. 








Here are some of the projects 
to which Mack equipment has 
been supplied: 


* Damodar Valley Project 
* Hirakud Project * Rihand 
Dam (20 Mack cement carriers 
supplied to the Hindusthan 
Construction Company) * Tata 
Iron & Steel Co’s expansion 
project * Nagarjunasagar 
Project. 


Rember, Macks in India are backed by Voltas’ unrivalled service 



























Salime Hydro-Electric Power Station in Spain 


Part of the extensive hydro-electric developments 
which are taking place in Spain is the full exploitation 
of the River Navia in Asturias. This work is being 
undertaken jointly by two supply companies in the 
North of Spain, Electra de Viesgo S.A. and Hidro- 
electrica del Cantabrico 8.A., whose headquarters are 
respectively at Santander and Oviedo. The construc- 
tion work is being carried out by a subsidiary com- 
pany named Saltos del Navia en Comunidad, created 
by these two companies for this purpose. 


The river Navia rises in the mountainous district 
between Lugo and Ponferrada and flows northwards 
to enter the Bay of Biscay at a small fishing village, 
also called Navia, about 90 kilometres west of the 
port of Gijon. The river is short, judged by Spanish 
standards, being only 115 kilometres long, but in this 
distance it falls 400 metres. A total of five power 
stations are planned and these will help to supply the 
mining and industrial districts of Northern Spain, in- 


cluding the areas around Oviedo, Ujo and Santander. 
These five stations are (a) Doiras, built by Electra de 
Viesgo in 1934, containing three generating sets 
each of 20,400 metric h.p., 18,000kVA, (b) Salime, at 
Grandas de Salime, containing four sets each with a 
maximum output of 50,000 metric h.p., (c) Silvon, 
which will take its water from the Doiras Reservoir, 
the capacity and head of which is being increased by 
raising the dam crest by 3 metres. This station will 
contain initially one set of 44,750 metric h.p., 35,000 
kVA, space being left for a second set, (d) Suarna, 
the furthest upstream, the project which is nearing 
completion, and (e) Arbon, a station planned down- 
stream from Doiras to complete the exploitation of 
the river. 


The English Electric Export and Trading Company 
was awarded the contract on the lst January 1949 for 
the supply and erection at Salime Power Station, of 
the four main turbine inlet valves, the four main 


The reservoir and the dam 
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Vertical section through the dam and power house 


vertical Francis type turbines with their draught 
tubes and auxiliary equipment, the four main 35,000 
kVA alternators, the four main transformers, all 380 
volts, 11 kV and 140 kV switchgear and the 11 kV 
power cables between the alternators and the 11 kV 
cubicles. 


Subsequently, in November, 1955, the contract 
was placed with The English Electric Company for 
the first generating set for the Silvon station. 


Salime Power Station was officially inaugurated by 
General Franco in August 1955 and it is at present 
being used as a peak load station. Paintings on the 
power house walls depict the changes that have taken 
place in the Navia river valley throughout the ages 
and illustrate the labours involved in harnessing the 
river to provide abundant electrical energy. 


Salime Dam 

The Salime dam is of the arch-gravity type, having 
a uniform triangular section throughout its length 
with a slope of 5% on the upstream face and 72%, on 
the downstream face. The dam crest lies on a curve 
of 400 metres radius and its height above the founda- 
tion is 131.5 metres. The horizontal length of the 
crest is 250 metres and its width is 9 metres. 


The penstocks for the four turbines are embedded 
throughout their length in the structure of the dam, 
each being about 90 metres long and having an inter- 
nal diameter of 2.5 metres. Each pipe has an intake 
screen and an intake butterfly valve, the latter being 
accessible through a gallery inthe dam. At the bottom 
end, each pipe is connected to a Straightflow main 
turbine intake valve. 


The Power Station and Spillway 
One of the interesting features of Salime hydro- 
electric power scheme is the design of the spillway, 
which flows over the power station into a stilling 
basin. This unusual layout was necessary because of 
the local topography. 


The river Navia flows for the most part in a deep 
narrow valley through high mountains, the total 
catchment area being 1,806 sq. km. It is fed by mel- 
ting snow es well as by springs and rainfall, under 
which conditions severe floods are to be expected at 
times, and the Salime spillway had to be built for a 
maximum flow of 2,000 cubic metres per second, des- 
pite the fact that the average flow of the river at 
Salime is only 51 cubic metres per second. There- 
fore, at maximum flow the spillway dissipates about 
a million horse-power and this must be done in a very 
narrow valley where there is a danger of landslides, 
and also avalanches in winter, due to the steep in- 
clination (about 45°) of the strata and the slaty 
nature of the rock. 


As there was not sufficient space for the power 
station and spillway side by side at the foot of the 
dam, the power station was placed there and the 
spillway carried over its roof discharging into a stilling 
basin. The water slides into this and flows along its 
bed until turned back on itself by the downstream 
retaining wall. A row of ‘dragon’s teeth’ is located 
at the meeting point of the spillway and stilling basin 
so that the water is aerated before entering the stilling 
basin thereby preventing cavitation of its floor. 
The spillway is shaped to give a slight lift to the water 
as it passes over the power bouse in order to relieve to 
some extent the pressure at that point. 
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The surface of the spillway conforms to the curva- 
ture of the main dam. For this reason the four main 
generating sets in the power house lie on an arc of 310 
metres radius. Consequently, the station overhead 
travelling crane rides ona curved track and has larger 
diameter wheels on the upstream end than on the 
downstream to compensate for this curvature. 


Three main transverse bays are provided beneath 
the spillway. The power house occupies the middle 
bay, the tailwater chamber the bottom one, and the 
upstream bay houses the main control room con- 
taining control, metering and relay boards and all 
the 380 volt switchgear. A platform was made on 
the left bank of the river alongside the stilling basin 
to house the four main transformers and the 140 kV 
switching station. 


The water in the tailrace chamber passes through a 
free flowing tunnel of 7 metres internal diameter, 
running underneath the substation, and discharges 
into the river just downstream from the counter-dam 
of the stilling basin, thus ensuring stable tailrace 
conditions. 


Layout of the Power Station 
The layout of the power station follows the normal 
‘ ° x 2 9 . . 
‘English Electric’ one-floor arrangement, in which all 
parts of the plant and equipment, including the main 
valves, come under direct access of the crane, The 
turbine centre line is at an elevation of 119 metres 
above sea level, and the station floor at 121 metres. 


The width and height of the Power Station had to 
be kept as small as possible so that the spillway could 
be kept as low as possible, and by adopting a curved 
longitudinal horizontal axis instead of the normal 


straight axis, a considerable saving in these dimen- 
sions was obtained. In addition, two important de- 
partures from standard machine design were made 
to keep to a minimum the crane hook height necessary 
for lifting the rotor out of the stator; the turbine- 
alternator shaft was divided into three sections in- 
stead of the usual two and the pilot exciter was partly 
telescoped inside the main exciter. An important 
consideration when endeavouring to keep the height 
and width of the station to a minimum was that under 
no circumstances was it permissible to encroach on 
the 72% downstream profile of the dam. 


The roof of the power house slopes due to the spill- 
way. To keep the machine room dry, an apron was 
placed between the spillway channel and the power 
house roof to collect any seepage water. 


Provision has been made for dismantling the turbine 
runner from below by making the throat of the tur- 
bine draught tube removable so that the runner can 
be lowered on to a special truck and then run out on 
rails to a pit, where it comes directly under the crane. 
A major maintenance overhaul of the turbine can 
thus be made without disturbing the alternator in 
any way. 


Turbine Inlet Valves 

The main turbine valves are of the ‘English Electric’ 
Straightflow type, having a bore of 2,130 mm. These 
valves present a straight and smooth pipe bore to the 
water when open but are always capable of closing 
safely in emergency since a hemi-spherical valve door 
cuts through the water without deflecting it. Water 
hammer is avoided by regulating the movement of 
the valve operating servomotor by a travelling con- 
trol screw which progressively diminishes the speed 
of closing. 


Interior of the power station showing the four 35,000 kVA generating sets 
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A double rubber seal is provided on the valves. The 
second seal enables inspection or replacement of the 
main rubber seal without emptying the water in the 
pipeline. 


The Turbines 
The four main turbines are of the vertical Francis 
reaction type running at 300 r.p.m., each giving a 
maximum output of 50,000 h.p. under a net head of 
112.5 metres. The minimum working net head is 69 
metres under which conditions each turbine gives 
21,000 h.p. 


The spiral casing of the turbine was welded to the 
speed ring in the works and then the whole assembly 
was divided into four parts for despatch,since the limits 
for transport to site were fixed at 47 tons or 5 metres 
wide x 4 metres deep due to the difficulties of approach 
to Salime Power Station. These sections were finally 
bolted and welded together at site and then tested 
before being embedded in the concrete foundations. 
The runner was fabricated, the runner blades being 
of stainless steel formed to shape before being welded 
to the runner crownand skirt. It has steel labyrinth 
water sealing rings. The guide vanes and their 
trunnions are of mild steel. 


The regulating ring is of welded steel, with gunmetal 
gliding pads, and it is provided with cast iron guide 
vane levers and links and two steel rods directly con- 
nected to the operating servomotors. The governor 
follows the usual ‘English Electric’ principle, in which 
an actuator is driven by a pendulum motor and in- 
corporates a speed adjustment device for synchronising 
and loading, and an underspeed device. It controls 
an oil-operated pilot servomotor which is itself fitted 
with a device for shutting down due to overspeed, 
low oil pressure, the operation of the electrical pro- 
tection, or by push button from the control room. 
The pilot servomotor operates the main distributing 
valve which controls the oil to the twin guide-vane 
servomotors. 


The Alternators 

The four main alternators give an output of 35,000 
kVA each at 0.9 power factor 11,000 volts 50-cycles, 
the speed being 300 r.p.m. They are of the vertical 
shaft two-bracket type, a combined thrust and guide 
bearing being mounted on the upper bracket above 
the rotor and a second guide bearing on the lower 
bracket below the rotor. 


The stator frame was divided into two parts for 
transport to the site. The rotor was assembled at site 
by shrinking the steel hub packets on to the shaft and 
then fitting the salient poles on the hub. Both the 
poles and the hub are dovetailed and fitted with 
taper side keys in the slots in the rotor hub to facili- 
tate removal for repairs. 


Closed-circuit cooling is employed for the machines, 
the air being circulated by fans attached to the rotor 
and cooled by six water-cooled air coolers arranged 
tangentially outside the stator frame, instead of radia- 
lly, to reduce the overall diameter as much as possible. 


A governor alternator is mounted on the extension 
shaft directly above the thrust bearing, to supply a 
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One of the four main 35,000 kVA transformers showing 
its two oilwater heat exchangers 


synchronous motor which drives the turbine governor 
actuator pendulum. The main and pilot exciters are 
mounted on the same shaft, above the governor 
alternator. 


The whole weight of the revolving parts, plus the 
vertical hydraulic thrust, is carried on a thrust bearing 
the pivoted pad type, mounted on the upper bracket, 
the load being transmitted through a thrust collar 
which is lightly pressed on to the shaft and secured 
by keys. The pads are pivoted to enable them to 
tilt freely in any direction and are also adjustable to 
ensure that each carries the same load. The upper 
guide bearing also has pivoted pads, which run on the 
polished vertical surface of the thrust collar. Both 
bearings run in a common oil pot through which the 
oil is circulated by an a.c. motor-driven pump, with 
a d.c. motor-driven pump as a standby. A second 
guide bearing, also of the pivoted pad type, is mounted 
on the lower bracket below the rotor, and this is in- 
cluded in the same lubricating system as the combined 
thrust and upper guide bearing. 


The Transformers 

The four main transformers are 3-phase units each 
rated at 35,000 kVA and having a no-load ratio of 
11/140 kV, the 11kV winding being delta connected 
and the 140 kV star connected. Advantage has been 
taken of the fact that the neutral point of the system 
is solidly earthed to provide graded insulation on the 
140 kV windings, with tapping points connected in 
the neutral end of the high voltage coils to give 
+-24% and 5% voltage variation. The tap-changer is 
manually operated from the exterior of the tank, 
and is padlocked to ensure that it is only operated by 
a responsible engineer. 
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Model 363. Capacities upto 200 tons 
per hour. 




















Model 374. Capacities upto more than 
425 tons per hour, 































Model 362. Capacities upto 100 tons 
per hour, 

















Barber-Greene 


Portable 
Conveyors 





HANDLE ALL MATERIALS 
FROM 100 TO 425 TONS PER HOUR 


Barber-Greene Portable Conveyors provide the most effi- 
cient, economical method of handling sand, stone, gravel, 
coal, coke, ashes, wet concrete, chemicals, bags and boxes. 
All B-G Portable Conveyors are designed for rapid truck 
towing. See your B-G distributor. 


Barber-Greene ¢ 


Barber-Greene Americas, Inc., Aurora, Illinois, U.S.A. 
Barber-Greene Overseas, Inc., Aurora, Illinois, U.S.A. 
Barber-Greene Canada, Ltd., Toronto, Ontario, Canada 
Barber-Greene Olding & Co., Ltd., Hatfield, Herts, England 


“Ask Jacks about it” 


William Jacks & Co. Ltd. 


(Incorporated in England. Liability of Members Limited) 
CALCUTTA BOMBAY MADRAS 


Sole Agents for 








Barber-Greene Overseas, Inc. Aurora, Illinois, U.S.A. 








Cover Illustration 


The illustration on the cover 


| page is that of one of the two full 


revolving electric gantry cranes 


| supplied to D.V.C., by M/s. Eastern 


Equipment & Sales Ltd., Calcutta. 


|The main specifications of the 





cranes, which were ordered for the 


concrete placing in Maithon Dam, 





are as follows: 
Lifting Capacity (in short tons) 
at 125 ft. radius .. 14 tons. 


at 40 ft. radius .. 40 tons. 


Centres of rails -. 30 ft. 
Maximum lift .. about 200 
ft. 
Lifting speed— 
20 tons load -» 200 ft/min. 
4o tons load -. 50 ft/min. 
Slewing speed .. about 1.2 
r.p.m. 


Travelling speed .. about 100 
ft/min. 


These cranes were installed early 
in 1954 and, working under differ- 
ent strenuous conditions, have 
since placed about 0.3 million cu. 
yards of concrete onthe dam. After 


completing the work at Maithon 


_Dam the cranes have been shifted 
_to Panchet Hill Dam of D.V.C. for 


| similar work there. The cranes are 


_thus playing their part faithfully 


towards the construction of these 
two dams of Damodar Valley Cor- 
poration which when completed 
are bound to add to the strength 
and prosperity of the country. 
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Main elcctrical connections 


The transformer oil is cooled in two oil-water heat 
exchangers, each of which is adequate for continuous 
full load operation. Provision is made to change from 
one cooler to the other without interruption of the 
circuit or change of load. The oil is circulated by means 
of a pump, which keeps the oil pressure in the cooler 
above that of the water to ensure that in the event of 
leakage there shall be no risk of the oil becoming con- 
taminated with water. 


There are four 800 kVA unit traasformers, each with 
a no-load ratio of 11,000/380 volts, and these were 
manufactured by a Spanish company. Each is capa- 
ble of supplying all the auxiliary and common services 
requirements of the station. 


Switchgear 
The unit arrangement was adopted for the power 
station, in which each set normally runs independently 
of the others and supplies its own auxiliaries at 380 
volts by means of a unit transformer connected direct 
to the alternator. 


The 11 kV switchgear consists of isolators housed in 
cubicles for isolating each alternator from its main 
transformer and also for disconnecting the feed to the 
unit transformer if desired. 


With the exception of the governor oil pump, alter- 
nator and turbine main lubricating oil pumps and the 
alternator heaters, all the main machine auxiliaries 
and other station and local services are supplied at 


380 volts from the common services board which is 
fed from any one of the four 380 volt unit boards. 
These three oil pumps and the alternator heaters for 
each set are supplied direct from the unit board of 
the set. The unit boards and the common services 
board consist of air-break draw-out type circuit- 
breaker units and ‘Combination’ fuse-switch units. 
There is at present no auxiliary generating set to pro- 
vide an alternative supply to the common services 
board, although provision has been made for such a 
supply to be connected to this board if considered 
desirable at a later date. If the station shuts down 
completely it is restarted by insolating the alternator 
of one of the sets and feeding from the140 kV busbars 
through a main transformer and the corresponding 
unit transformer to the unit board and from there to 
the common services board. 


Because of the narrowness of the site for the out- 
door substation alongside the stilling basin it was 
essential to use a ‘high’ type arrangement in which the 
isolators and busbars are vertically above the circuit- 
breakers, instead of adjacent to them as in a ‘low’ 
station. The station has duplicate 140 kV busbars. 


The 140 kV circuit-breakers are of the ‘English 
Electric’ air-blast type, with two interrupters in series 
per phase, having a breaking capacity of 2,500 mVA. 
All the feeder breakers are provided with high speed 
auto-reclose control. Duplicate air compressor sets 
are provided to supply all the requirements of the 
substation. 


Power Development in Sudan 
A significant development in the supply of electri- 
cal power in the Sudan took place on Thursday, 
February 28th, 1957, when the President of the Suda- 
nese Supreme Council, His Excellency Siricio Iro 
Wani, formally opened the new Burri Power Station 
at Khartoum. 


The new station provides the first electricity in the 
country to be gnerated by steam turbo-alternator sets. 
Previously electric power was generated entirely by 
diesel sets. Two 5,000 kW steam sets have already been 
installed and another 10,000 kW set is due to be com- 
missioned in 1958. All the power sets in the Khartoum 
station steam as well as diesel, have been supplied by 
The English Electric Company. 


The Government is considering the formation of the 
Sudan Electricity and Water Board to operate the 
electricity and water undertakings which have keen 
developed over the past 32 years by two private 
companies, the Sudan Light and Power Company 
Limited and the Wad Medani Light & Power Com- 
pany Limited. 


Principal contractors, «part from the English 
Electric Company Limited, are Babcock & Wilcox 
Limited, Misr Concrete Developmcnt Company 
Limited and Power and Traction Finance Company 
Limited. 
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Manual Labour versus Machinery 


The following extracts from the Report of the Construction Plant and Machinery 

Committee will be found of great interest as a contribution to the countrywide discussion 

among engineers on this important issue which is not only technical in character but also 
socio-economic in its implications: Ed. 


The problem of unemployment in India is drawing 
pointed attention from everyone at present. Doubts 
are raised as to the value of mechanisation of projects 
to the country from the viewpoint of overall economy. 
We are of the opinion that a word of caution is nece- 
ssary before going in for large scale mechanisation. 
We must find employment for the partially utilised 
vast resources of unskilled labour, particularly in the 
rural areas. 


We must take into consideration, the drain on 
foreign exchange, which mechanisation brings about, 
not only for the purchase of equipment, but almost 
twice as much more for the supply of materials 
and spare parts needed to keep the machines running. 


Our resources of skilled personnel to maintain and 
operate the modern mechanical equipment are limited 
and our organisational and administrative set-ups are 
not as yet modified to meet the existing needs of 
maintaining the equipment at a high standard of 
efficiency. 


We consider that mechanised construction is in- 
dispensable under certain conditions for the quick and 


efficient execution of our projects. If the scope of 


mechanisation is limited to the proper spheres and 
does not interfere with the interests of manual work, 
the country would gain by the judicious use of machi- 
nery ; particularly now when the “Grow more food” 
works have to be pushed through and the quick 
execution of our River Valley Projects is very impor- 
tant to the nation’s economy. 


Before a project is planned for execution, the scope 
of mechanisation should be studied and limited to 
jobs which are not feasible without the aid of machines 
or which cannot meet the time schedules. For works 
which can be executed within the time schedules and 
to specifications, by either manual labour or mechani- 
sation, the comparison of estimates will be the decid- 
ing factor. We suggest that for such works it would be 
undesirable to mechanise if the estimates for the 
machanised construction shows saving of about 20 
per cent since, with the data available at present, 
overall estimates for mechanised work can be framed 
to approximately 80 per cent accuracy only. 


A small amount of mechanisation to supplement the 
manual labour is our best arrangement. Selected 
items of work which can accelerate the progress of 
manual labour should be handled by machinery ; for 
example transport over long distance, lifting materi- 
als to the top of the dam, stone crushing for concerete, 
compaction of earth-fills, dewatering foundations, etc. 


Production Schedules 

The targets set for production schedules and the 
degree of availability of labour resources in a local 
area, are often guiding factors to decide the necessity 
of mechanisation. A two-yard excavator with about 
10 men can do a job in a day which the same number of 
men would take a month to do. It is not always that 
a very tight time schedule is inescapable. If jobs are 
started well in advance, and time schedules are re- 
laxed where it is reasonably possible to do so, it should 
be possible to avoid the necessity of rush-schedules 
onmany jobs and thus bring them within the scope of 
manual labour. 


This aspect should be borne in mind while preparing 
the progress schedules of construction for projects. 
The large amount of time consumed in planning for 
equipment and awaiting deliveries will often decrease 
time schedules sufficiently to enable the work to be 
done by manual labour. 


The partially mechanised Tungabhadra Project and 
the highly mechanised Vaitarna Dam should provoke 
a lot of thought in this respect. The change-over from 
the use of mechanised concrete construction to mason- 
ry at Hirakud is another example for such analysis. 


Specification Requirements of Modern Projects 

Some of our modern projects are outside the scope 
of manual labour unassisted by equipment. Jobs such 
as Bhakra or the earthwork at Hirakud Dam, cannot 
be done without the use of modern machines. If we 
want the projects to be executed we must have re- 
course to mechanisation. Even if we were satisfied with 
completing our projects over an extended time, the 
specification requirements of such projects make it 
essential to use machines. It will not be safe to build 
them by other methods. 


Special use of Mechanisation 

Excavation for foundations, long leads, compaction 
to specification and tunneling in rock are spheres in 
which mechanisation seems indispensable even on 
medium sized jobs. Under-water excavation can best 
be done by draglines. Blasting below water table 
needs modern drilling and special explosive technique. 
Haulage over a distance of above 500 ft. cannot be 
attempted on any large scale without the help of 
transport vehicles. 


Manual labour and trucks versus Earth-moving 
Machinery 

Donkey transport can work to about two furlongs 

and works can be attempted with bullock carts up to a 

lead of one mile. But carts are getting scarce and 

costly for such work and the advent of motor trucks 

has almost completely taken over the transport of 
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"ENGLISH ELECTRIC’ 


EQUIPMENT FOR THE STEEL INDUSTRY 





The illustration shows the 6650 H.P. Motor for the 40” Blooming 
Mill at the Indian Iron & Steel Works, Burnpur. In addition, 
the Company has supplied over 100 motors of various ratings to 
these Works. 


The English Electric Co. Ltd. has specialized for many years in the 
design and manufacture of electrical distribution equipment and 
motors for every type of duty in the Steel Industry. 


THE ENGLISH ELECTRIC COMPANY LIMITED 
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New Delhi Calcutta Bombay Madras Lucknow 
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building materials. The motor truck transport is 
cheaper in initial cost but becomes more costly on 
running expenses with the result that on larger jobs 
it pays to go in for modern earth-moving equipment. 
A typical comparison of eathwork by trucks with that 
by heavy equipment is given in appendix 5.1 the con- 
clusions evident from the study are as under : 


(i) A large initial investment is required for earth- 
moving machinery which can be economically advan- 
tageous only when fully utilised. Comparatively little 
initial investment is required for manual excavation 
with truck transport 


(it) The labour strength employed and the cons- 
truction colony for manual work will be nearly 15 
times those required forearth moving machinery. The 
employment for manual work will be mostly unskilled 
labour, whereas that for earth moving machinery will 
be mostly skilled. 


(iii) The unit rates of earthwork based on the total 
expenditure falls progressively as the earth-moving 
equipment is utilised for longer period of its life. The 
unit rates for manual work remains almost steady. 


(iv) For jobs involving large quantities of earth- 
work spread over the life time of equipment, machi- 
nery work would be much cheaper than manual work. 


(v) In this specific study, it would not pay to go in 
for earth moving machinery for less than 25 m.c.u. ft. 
of earth-work unless the salvage value of the equip- 
ment can be realised by further use or sale. 


(vi) Continuity of construction by earth-moving 
machinery is essential to achieve low rates. For 
manual work, it does not affect the rates appreciably. 


It is our contention that a non-technical critic does 
not realise the strength of labour required to do earth- 
work manually. If the earth work of the Hirakud 
Dam was to be executed by manual labour alone, the 
strength required would have been nearly 3,000,000, 
That would make a job impossible to set up or 
manage. 


No shortage of labour in our Country 

We, however think that specialised intricate equip- 
ment developed in the West to meet the shortage of 
man-power, should scarcely be necessery in India. 
For example, the trench diggers for shallow founda- 
tions of buildings, the field channel excavators (deve- 
loped on All American Canal) or the elaborate rigs to 
dress the canal banks (used at Friant Project) would 
scarcely be required in our country. It is sad but true, 
that there is yet a certain amount of fascination in 
the minds of amateur engineers in doing jobs by 
machinery in fields which can be better covered by 
manual labour. It is necessary, therefore, to study 
critically each field of work before investing in machi- 
nery. 


Our Economic Structure 
The basic difference in the economic structure of 
labour in India and foreign countries is that an un- 
skilled labourer costs us Rs. 30 to 40 per month whereas 
U.S.A. has to pay Rs. 1,500 per month. We have 
plenty of unskilled and little of skilled labour whereas 
the reverse is the case in U.S.A. On the other hand 
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the imported cost of every dollar worth of equipment 
and spares is about Rs. 5 and 8 respectively. The 


value of spares required by the equipment is about 
50 per cent of the cost of the equipment. 


It is, therefore, wrong to arrive at the conclusion 
that if an equipment is developed in foreign countries 
to do economically a particular type of work there, it 
must be good for us also. 


Necessity of improving Technique of Manual Labour 
The modern conception of mechanisation is but an 
advanced stage in man’s search for tools. It has con- 
tributed to the evolution of the world from the time of 
the caveman of the stone age. The development of 
the personal tools such as pick axes and the crow 
bars has been arrested by the over-loading effect of 
specialised equipment such as excavators. In advanced 
countries, the development of personal tools has taken 
the shape of pneumatic diggers, or electric hand 
drills. In India we have not yet given adequate thou- 
ght to this problem. 


Whereas the modern scrapers are a vast improve- 
ment over the earlier models of twenty years back, 
the small man’s tools such as the spade or the basket 
have not been given enough attention for scientific 
development. The pre-historic method of transporting 
soil in little baskets carried over head has seen no 
improvement since the days of the pyramid. And yet 
these are the tools through which we are now planning 
to spend crores of rupees for our development pro- 
jects. We entirely agree with the thought-provoking 
article sent fram Washington D.C. by Shri, N. D. 
Gulati that a time and motion study of manual 
work needs to be pursued on scientific lines and that 
the workman’s tools should be improved to give more 
performance and less fatigue. We quote the suggestions 
below : 


“Briefly stated, the idea is that great saving would 
be obtained in most forms of engineering work invol- 
ving the movement of earth by a thorough develop- 
ment of the science of earthwork under Indian condi- 
tions. Special study would be given, to the applica- 
tion, to the use of human labour, of the principles of 
time and motion analysis, which has done so much to 
increase production in the construction and manufac- 
turing industries in this country. 


“The second step in the study proposed, would try 
to bring about more efficient methods with the tools 
in common use by ‘time and motion study’...... 


“A great deal of study should be given to the best 
method of carrying out the studies. One of the first 
steps should be to get one or two experts in time and 
motion study from United States to come to India to 
see the conditions of work there and learn the prob- 
lems involved..... 


“Probably the best way to finance these studies, 
....would be under the Point Four Programme. 
Another possibility would be under the Ford Founda- 
tion. A third but less desirable method would be for 
some time and motion expert to set up a study prog- 
ramme for himself at some University in India, under 
the Fullbright Act of the United States Government.” 


Labour Consciousness to their Amenities 
A new aspect that has to be borne in mind in the 
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planning of large concentrated works managed by 
manual labour, is the labour consciousness for their 
elementary comforts and needs. It was possible in 
olden days to disregard the question of even modest 
housing, sanitation and health arrangements. Any 
concentration of labour today raises these fundamental 
problems. Even a bamboo matting hut costs over 
Rs. 250/- in construction and maintenance over 5 
years. The cost of other services is nearly a third of 
of that. It will progressively become impossible to 
manage concentrated works without spending large 
amounts on construction towns. It is only a question 
of time before the demands of the labour unions in 
the field of industries pervade the sphere of the 
construction trade. In any comparison of manual 
labour versus machinery this factor must be care- 
fully considered. 





The difficulties normally encountered on jobs mana- 
ged with manual labour have been summarised by 
Shri E. Viraraghavan, Superintending Engineer, Hy- 
derabad, P.W.D. as under : 

(1) Heavy Advances. 

(2) Free transport from their villages to the work- 
spot and back after the completion of the season. 

(3) More and more amenities. 

(4) General decrease in the capacity of their work 
due to insufficient nutritive food. 


He evaluates the economic effect of these over-head 
expenses on manual labour rates as under : 


1. Hutting charges, providing mats bamboos, 
coir ropes, etc. 3% 
2. Depreciation and mending of tools 1% 
3. Transportation charges 3% 
4. Watchman charges. 1% 
5. Advances and food arrangements. 7% 





Total 15% 





If lighting, sanitation, water-supply, medical ser- 
vices, and the housing better than “bamboo and 
mats,” are provided, the percentage will jump so high 
that it will be the critical consideration in the evalua- 
tion of overall economy. He further works out that 
the value of the food grains required is about 20 per 
cent of the value of the earth work. 


Earthworks are more Economical 
One of the reasons why large earthwork jobs are 
now attempted is the development, to a high standard, 
of the science of Soil Mechanics. An engineer can now 
use soil as a construction material with known factors 
of safety in the same way he used concrete or steel. 
This has made large earth dams technically feasible. 


For the same height of a dam above the foundations, 
the quantity of earth required is roughly 10 times that 
of masonry. If, therefore, the rate of earthwork is 
1/10th that of masonry, an earth dam will compete 
witha masonry damincost. Inthe matterof design 
the earth dam generally does not need to go deep below 
the ground level except for a small quantity (usually 
about 10 per cent) for the cut-off trench ; whereas a 
masonry dam has to start from sound rock however 
deep it is. This aspect works in favour of the earth 
dam. Usually the rates of earthwork are only about 
1/10th that of masonry. This makes earth dams 
cheaper both in quantity and rates. 
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The development of earth-moving machinery has 
cut down the rates of earthwork whereas there has 
been a steady rise in the rates of other materials. 
To quote Donald and Auckland from ‘‘Moving Heaven 
and Earth.” 


“During 1920-30 period, earth-moving was accomp- 
lished by steam and gasoline units and was necessarily 
slow. Using a 1,000 ft. haul as basic the average deli- 
very was 8 cu yds per man-hour at a cost of about 
50 cents per cu yd. During the period 1930-33, the 
first true gasoline tractor was employed as a haul unit, 
and this increased production to figure of 12 cu yds. per 
man-hour at a cost of about 45 cents per cu yd. 


“In 1933, when rubber tyres were introduced scraper 
performance was stepped up and production costs 
lowered. Hauling the same distance (1,000 ft.) during 
1933-39 meant a delivery of 60 cu yds. per man-hour at 
a cost of about 14 cents per cu yd. 


“In 1933, when Tournapull was invented a consider- 
able saving both of time and money was effected. Pro- 
duction with this piece of equipment on a 1,000 ft. 
haul is 130 cu. yds. per man-hour at a cost of 8 cent 
per cu. yd. delivered.” 


In India, the rates of mechanised earthwork is only 
about 14 times that of pre-war rates, but the rates of 
masonry has gone up to nearly four times. 


We have collected information about some of the 
large works carried out by manual labour in the 
country. 


Observation on Canal Earthwork 

It is found from the statistics that the manual 
labour is utilised mostly for canal work and for 
minor earthen dams. The rates obtained for canal 
excavation by manual labour are on the whole such 
that mechanisation will scarcely be justified on the 
grounds of cost alone except where long leads and 
lifts are involved. We think that a good balance 


.is obtained in this respect on our projects and no 


emphasis needs to be made for leaning more to 
either aide. 


We would, however, suggest that there is a greater 
scope for the use of tramlines and tipping trucks for 
this type of work than has so far been employed. For ° 
large quantities of excavation for canals of small 
bedwidths in hard materials like the disintegrated 
rock, the use of back-hoes deserves more attention. 


As regards the canal embankments, trucks used on 
highways are often employed for transport. These 
are unsuitable vehicles for off-the-road transport 
which need costly running charges. We suggest that for 
large works involving short distance transport, the 
use of small diesel shuttle dumpers 43 to 6 yds. capa- 
city loaded manually needs to be given more thought. 


Observations on Earth Dams 
For earthen dams, the transport is largely done by 
commercial trucks loaded and emptied by manual 
labour. The rates on the whole are higher than 
those possible with earthmoving machinery. 


The Malampuzha dam is a typical example of con. 
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structing a small earthen dam with trucks. The 
overall rate works out to Rs. 93 per 1,000 ou. ft. of 
compacted bank. For this method of construction 
we think that the rate is satisfactory. But an all 
inclusive rate of about Rs. 60 per unit achievable 
by mechanisation even for somewhat longer leads 
and higher lifts. However, so long as such small dams 
are attempted as individual works, a higher degree of 
mechanisation is not desirable. 


We think that a better planning should be possible 


by combining a group of small dam projects under a 
central mechanised organisation. If this can be done 
to pool about 50 m.cu.ft. of earthwork, mechanisa- 
tion will cut down the cost and time. Utter Pradesh 
has already worked on this system successfully com- 
pleting fair sized dams (30 to 60 m.cu. ft.) in one or 
two season each at attractive rates. Madhya Pradesh 
has planned in a similar way to construct a large 
number of minor irrigation works through use of 
Central Pool equipment. We feel that this type of 
planning deserves more investigation. 
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By M. GANGOPADHYAYA, K. C. MAJUMDAR and A. KRISHNAN 


Regional Meteorological Centre, Calcutta. 


Introduction 

With the prospect of availability of cheap power 
from the dams constructed across the Damodar and 
Barakar rivers, the chances of rapid growth of heavy 
industry in that minerally rich area have become 
very bright. In fact, depending upon the respective 
needs of the various industries, all types of meteoro- 
logical queries on normal climatic conditions are 
already being received both from governmental and 
private sectors. Amongst these queries, the maximum 
possible intensity of rainfall in that area is almost a 
common one. Presumably this information is re- 
quired for designing the factories and the drainage 
system of the attached townships. Besides the de- 
mands from the industrialists, the Hydrological 
Engineers of the Damodar Valley Corporation are also 
very keenly interested in this information. Using the 
average rainfall for the entire valley Pramanik and 
Rao' have given an estimate of average maximum 
intensity for period intervals of one to several conse- 
cutive days. No study has yet been made with regard 
to maximum intensity for period intervals shorter 
than 24hours. Hence an attempt hes been made here 
to estimate the maximum intensity in various period 
intervals by using whatever data are available. 


Unfortunately we do not have sufficiently old data 
from self-recording raingauges in the valley in order 
to enable answer this question in a straight forward 
way. Jenkinson? has given a_ statistical method 
of estimating extreme values of meteorological 
elements for individual stations by using annual 
data of a relatively smaller number of years. But 
we do not have even that much of rainfall intensity 
data for the Damodar Valley area in order to enable 
us to apply Jenkinson’s method. In order to get 
over this difficulty of paucity of data we have assumed 
that the entire area is meteorologically homogenous,— 
at least it is so with regard to the maximum possible 
intensity of rainfall and have applied the method of 
curve-fitting as described later. 


The position of the self-recording raingauges in 
the Damodar Valley area together with their dates 
of installation is shown in Fig. 1. The ground con- 
tour of the area is also shown in this figure. 


A reference to the climatological maps for North- 
east India will reveal that the entire Damodar Valley 
area comprising of an area of about 7,000 sq. miles 
only lies in a vast area of metorologically homoge- 
nous conditions. In fact maps showing normal annual 
rainfall and other allied elements like number of 
days of rainfall and thunder which have a good 
bearing on intensity of rainfall also show this feature. 


A comparison of the average rainfall map with the 
topographical map referred to above does not seem 
to show any influence of orography on rainfall, 
presumably because the height of the high ground 
is not sufficiently high or the lie of the high grounds 
is such that it does not influence precipitation. Thus 
it will not be entirely unreasonable to assume that 
the entire area is homogenous so far as maximum 
rainfall intensity is concerned. It may be argued 
that if the area is homogenous with respect to in- 
tensity, then why do not we get same intensity 
recorded at all stations under a certain synoptic 
situation. Answer is, although the probability of 
occurrence of the same maximum intensity as possible 
under a certain situation is the same for all the stati- 
ons, the actual intensity recorded at different stations 
is found to differ due to chance only. It will be seen 
later from the smoothness of the interval vice inten- 
sity curve (Fig. 2) that the assumption made with 
regard to homogeneity is not unjustified. It may be 
pointed out that consideration of all data available 
from all observation points situated in a homogenous 
area effectively increases the number of observations 
and consequently the sample. 


Compilation of data 

All the available data from self-recording rain- 
gauges of all the stations in the valley were tabulted 
in the usual way for finding out the amount of precipi- 
tation that had fallen in course of 5,10,15,20,30,40,50 
minutes’ intervals and also in l-hour, 2-hour, 3-hour 
......24-hour intervals. The highest value for each 
interval of time was picked up and the intensity per 
hour was calculated. The results are shown in 
Table I. 


Procedure 

For studying the variation of maximum intensity 
with the interval, the maximum intensity values 
tabulated above are also shown graphically in figure 
2 where the maximum intensity in inches per hour 
represented by I has been plotted against the corres- 
ponding period of interval denoted by ‘t’ in hours. 
The graph reveals that the variation of the maximum 
intensity with respect to period of interval is perfectly 
represented by a rectangular hyperbola. The very 
fact that almost all the points lie on the same smooth 
curve not only justifies, as already stated, our basic 
assumption about the homogeneity but also suggests 
the existence of a simple relation between I and t after 
a suitable transformation. From our everyday 
experience it is quite easy to understand in a quali- 
tative way that the maximum intensity of rainfall 
calculated from precipitation recorded for hsorter 
period intervals would be greater than that calculated 
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Table I 
S.No. Station which gives Date on which Period of interval Actualamount of Maximum intensity of rainfall in in- 
the maximum in- occurred (t) maximum rainfall ches/hour (1) 
tensity occurred in period - 
‘t’ in inches Actual Estimated 
l. Ramgarh 22.8.53 5 mins. 0.79 9.480 9.516 
2. Ramgarh 22.8.53 10 mins. 1.19 7.140 7.454 
3. Dumri 6.9.54 15 mins. 1.59 6.360 6.311 
4. Barhi 21.9.52 20 mins. 1.76 5.280 5.561 
5. Panchet Hill 8.9.53 30 mins. 2.39 4.780 4.550 
6. i 8.9.53 40 mins. 2.67 4.905 3.910 
7. Asansol 26.9.56 50 mins. 3.94 3.648 3.451 
8. 99 26.9.56 1 hr. 3.42 3.420 3,105 
9. Dhanbad 3.7.53 2 hrs 4.97 2,485 2.044 
10. * 3.7.53 3 hrs. 5.79 1,930 1,592 
ll. »» 3.7.53 4 hrs 5.86 1,465 1,344 
12. Pupunki 7.9.54 5 hrs. 6.16 1.232 1.186 
13. - 7.9.54 6 hrs. 7.01 1,168 1.073 
14. *” 7.9.54 7 hrs 7,14 1.020 0.998 
15. *” 7.9.54 8 hrs. 7.21 0.901 0.930 
16. P- 7.9.54 9 hrs. 7.31 0.812 9.877 
17. * 7.9.54 10 hrs. 7.36 0.736 0.847 
18. o 7.9.54 11 hrs. 7.49 0.681 0.810 
19. - 7.9.54 12 hrs. 7.52 0.627 0.780 
20. Bokaro 5.7.53 13 hrs. 7.65 0.588 0.757 
21. o 5.7.53 14 hrs 8.03 0.573 0.735 
22 Asansol 26.9.56 15 hrs. 8.66 0.577 0.719 
13. * 25-26.9.56 16 hrs. 9.95 0.622 0.704 
24. ie 25-26.9.56 17 hrs. 11.35 0.668 0.689 
15 a 25-26.9.56 18 hrs. 11.84 0.658 0.674 
26. - 25-26.9.56 19 hrs. 12.04 0.634 0.667 
27. Po 25-26.9.56 20 hrs. 12.64 0.632 0.652 
28. *” 25-26.9.56 21 hrs. 12.92 0.615 0.6 14 
29. a 25-26.9.56 22 hrs. 13.08 0.595 0,637 
39. ‘ 25-26.9.56 23 hrs. 13.12 0.570 0.629 
31. - 25-26.9.56 24 hrs. 13.14 0.548 0.622 
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Fig. 1. Map showing the catchments of Dameadar and Barakar rivers with their topography. The posi- 

tions of raingauge stations in these catchments are shown by numbers. Numbers within Circles indi- 
cate positions of S, R. raingauge stations, the names of which are given below: 

Names: Damodar Catchment: 1 Hazaribagh 2 Bishungarh 3 Bokaro 4 Dhanbad 9 Chandwa 11 Ram- 

garh 14 Panchet Hill 16 Dumri. 

Barakar Catchment: 3 Tilaiya Dam 4 Dhanwar 6 Palganj. 

Lower Catchment: 42 Asansol. 


from rainfall recorded during a longer period. But 
it is difficult to form an idea as to how the maximum 
intensity is related to the periodof interval. The 
curve in Fig. 2, however, shows that it is possible to 
get a simple relation between I and t after some 
suitable transformation. So instead of trying to fit 
a hyperbolic equation of the form 


I=a—b; where I= intensity, t= period interval 


and a and b BED COMMIORUD 6 6.5.c646sm cen cs re, (1) 
We attempted a relation of the form 


Cc) pieaa acoso kane 


as suggested by a plot of I against 1/t. 

The constants of the equations of the type (2) 
cannot be obtained by the usual method of least 
square due to the presence of the constant “‘c’”’ within 
the logarithmic term. The best way is to compute ¢ 





1 
I=a—b log (i 


from the ratios of the differences I(—I,—I,) and 
() =; a (c.f. Brooks & Carruthers)’. Then using 
2 1 


this value of c in (2) a and b are calculated by the 
method of least square considering log (1/t-c) as the 
independant variable. Following the above procedure, 
itis found that 

I=1.186—7.525 log(1/t-0.8) jnich care releee 
which has a multiple correlation coefficient, R=0. 997, 
which is so high that its test of significance required 
for the test of goodness of fit of equation (3) is un- 
necessary. Thus we have arrived at a very striking 
result that the relation between the maximum inten- 
sity I of rainfall in inches per hour and log(1/t-0.8) 
where t is the period of interval in hour is perfectly 
linear and is given by equation (3). This linear 
relation is represented by the straight line in figure 3. 
The straight line thus obtained fits very well with all 
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the observed points. The point corresponding to the 
maximum intensity for the period of interval of 5 
minutes, which has the highest degree of confidence 
being based on the greatest number of observations 
(not less than 1000) coincides the line given by equa- 
tion (3). The maximum intensity of rainfall for any 
other period of interval can be easily found out either 
from the equation (3) or graphically from figure 3. 
Those values obtained from this relation for the di- 
fferent periods of interval are also shown in Table I 
along with the actuals used in deriving this equation 


Distribution of maximum intensity of rainfall in 24 
hours over different years 

The above relation between the maximum intensity 
of rainfall and the period interval has been derived 
from data of a relatively shorter period. But we 
have got daily rainfall data of a much longer period 
and from those data we can at least check up 
whether the value of I corresponding to the 24-hour 
period interval as estimated by the above method 
compares favourably with that calculated from the 
highest daily rainfall figure. With this objectin view, 
the maximum rainfall in 24 hours (ending at 0830 
hours. IST ofa day) hasbeen found out from the daily 
rainfall data of all the available raingauge stations in 
Damodar Valley area for each of the 32 years from 
1924 to 1955. These maximum rainfall together with 
the corresponding intensity in inches per hour are 
shown in Table 2. It is seen from this table that 
the highest intensity of rainfall for 24 hours period, 
recorded during 32 years is 0.519 while that obtained 
from the self-recording rainfall records of 12 stations 
during years from 1948 to 1956 is 0.548 considering 
rainfall for 24 hours from any hourto the correspond- 
ing hour next day instead of 0830 hrs. to 0830 hrs. next 
day and that estimated by the realation (3) is 0.622 
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inches per hour. It will be shortly shown from the 
study of distribution of these intensities that the high- 
est value viz. 0.622 as given by the relation (3) may be 
considered to represent the highest possible value with 
sufficient accuracy for all practical purposes, 


The statistical criteria B,, and B, and a= (mean 
deviation)/ (standard dvevation)* are then computed 
to judge whether these maximum intensities for 24 
hour interval obey normal distribution or Gumbel’s 
distribution (Kendall) law. These quantities are found 
to be : 


B,=0.284, B, =3.252 and a=0.735 


From the tables for the percentage points of the 


distribution of</B,, (=b,) and of a (Pearson and Hart- 
ley)* it is found that the maximum intensity of rain- 
fall for 24 hours does not follow normal distribution, 
while it obeys the Gumbel’s distributiou law as could 
be seen from Tipett’s> calculations on B,, and B, for 
this distribution when n, the number of observations, 
is 32. 


Using the relation (4) (Brooks and Carruthers)? be- 
low, a few percentage points of the Gumbel’s distri- 
bution F(y)=exp (-e~Y) of the maximum intensity of 
rainfall in inches per hours for 24 hours period have 
been calculated as shown in Table 3. 


Y= 1.283(I-I)/3+0.577 











=15.01991-4.2383 =  —§ seeees (4) 
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Table 2 





Table: Maximum rainfall in 24 hours based on data of all stations in Damodar Valley area during 32 years from 1924 to 1955 











8S. No. Year Station Date/month 24 hours Mazimum inten- 
highest rainfall sity of rainfall 
in inohes in inches/hour 
(1) (2) (3) (4) (5) (6) 
1. 1924 Dhanwar 17/9 6.05 0.252 
2. 1925 Jamtara 24/7 5.48 6.228 
3. 1926 Chandwa 5/9 7.80 0.325 
4. 1927 Balumath 5/9 7.50 0.313 
5. 1928 Jamtara 8/10 7.94 0.331 
6. 1929 Topchanchi 24/8 7.48 0.312 
4. 1930 Hazaribagh 9/7 8.26 ©.344 
8. 1931 Asansol 2/7 6.60 0.275 
9. 1932 Barhi 5/8 4.79 0.200 
10. 1933 Jamtara 23/7 7.56 0.315 
ii. 1934 Kodarma 12/7 7.21 0.300 
12. 1935 Topchanchi 12/8 8.70 0.363 
13. 1936 Jaipur 25/9 7.67 0.320 
14. 1937 Kedeema 30/7 8.36 0.348 
15. 1938 Tundi 15/6 3.70 0.154 
16. 1939 Raghunathprr 4/8 6.22 4. 259 
17. 1940 Chas 28/8 6.70 0.279 
18. 1941 Panchamba 10/10 6.05 4.252 
19. 1942 Barhi 10/8 7.33 0.305 
20. 1943 Barhi 4/8 11.62 0.484 
21. 1944 Tandwa 24/8 10.32 0.430 
22. 1945 Tundi 26/6 4.40 0.183 
23. 1946 Barhi 18/9 10.38 0.433 
24. 1947 Kodarma 1/8 12.34 0.514 
25. 1948 Dhanbad 20/7 7.03 0.293 
26. 1949 Balumath 19/7 12.45 0.519 
27. 1950 Danea 18/7 8.35 0.348 
28. 1951 Nirsa 11/9 7.33 0.305 
29. 1952 Mandar 17/8 8.34 0.347 
30. 1963 Hazaribagh 6/7 8.73 0.364 
31. 1954 Mandar 8/9 8.20 0.342 


32. 1955 Kodarma 17/8 5.33 0.222 
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Table 3 


Values of F, the probability of the maximum 
intensity in 24-hour period in Damodar Valley area 
being ZI. : 








I 0.306 0.365 0.431 0.483 0.548 0.622 





F 0.500 0.750 0.900 0.950 0.982 0.995 


From this table it is seen that the probability of 
the maximum intensity being greater than 0.548 is 
only 0.02 which is extremely small. In other words, 
a@ maximum intensity of 0.548 as obtained from 9 
years’ data of self-recording charts of all Damodar 
Valéy stations may be exceeded only once in 50 
years. As a matter of fact, this has not been 
exceeded in 32 years considered. It is also 
noticed from this table that the maximum intensity 
of 0.622 inches per hour will be exceeded 5:times in 
1,000 years or once in 200 years, the probability of the 
maximum intensity 0.622 being 0.995. The odd of 
this value (0.622) of the maximum intensity is so 
small (1 in 200) that for all practical purposes this 


Table 4 
Station No. of yearon Hourly maximum Estimated by the 
which result intensity in in- above method 
based ches/hour 
Calcutta 16 2.90 
(Alipore) 
Dum Dum 4 1.73 P 
Gaya 10 1.89 3.11 
Jamshedpur 10 3.38 ( 
Saugor 10 2.72 
Tsland 





Similarly, the maximum intensity corresponding 
to the 24 hour period interval has also been calculated 
from the highest of daily rainfall so far recorded 
amongst all the stations in the plains of Northeast 
India which have daily raifall data over a large 
number of years (40 to 60 years). This value comes out 
to be 0.650 inches per hour recorded at Bogra while 
the value estimated from equation (3) above is 
0.622 inches per hour (vide Table 5). Thus it is seen 


Table 5 








S.No. Station Maximum intensity 
in inches/hour 
3 Calcutta 0.605 
2. Saugor Islands 0.589 
3. Jamshedpur 0.261 
4. Sandheads 0.548 
5. Midnapore 0.343 
6. Burdwan 0.491 
7. Krishnagar 0.482 
8. Berhampore 0.469 
9. Malda 0.333 
10. Dinajpur 0.447 
11. Pabna 0.373 
12. Balasore 0,569 





Maximum intensity of rainfall for 24 hours period for different stations in Northeast India based on 30 to 60 years’ data. 


S.No Station Maximum intensity 
in inches/hour 
13. Silchar 0.476 
14, Dhubri 0.604 
15. Gauhati 9.382 
16. Tezpur 9.243 
17. Sibsagar 0.359 
18. Dibrugarh 0.367 
19. Ranchi 0.354 
20. Darbhanga 0.437 
21. Purnea 0.522 
22. Gaya 0.398 
23. Bogra 0.650 
24. Jalpaiguri 0.640 





may be considered to represent the highest maximum 
intensity of rainfall for 24 hours period with suffi- 
cient accuracy. It may be recalled that this intensity 
is predicted by the relation(3). In view of this, it may 
be concluded that the maximum intensity of rainfall 
given by (3) in any period of interval will rarely be 
exceeded and may therefore be considered to re- 
present the highest maximum intensity in the res- 
pective period of intervals. 


Comparison with the values from plains of Northeast 
dia 

It will be interesting to see how the maximum in- 
tensity value corresponding to the period interval of 
1 hour obtained in this study compares with the ac- 
tuals from stations in rest of Northeast India as have 
self-recording raingauge data for a much longer 
period. Table (4) below shows the comparison. 
The value estimated by equation (3) for Damodar 
Valley area is in close agreement with the actuals 
for rest of Northeast India. 





that the estimate made in this paper for Damoda.r 
Valley area which, meteorologically speaking ;s 
situated in a much less rainy area than the area n 
which Bogra is situated, compares quite favourably. 
This- lends an additional support to the finding of 
this study. 
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Editorial 


A Healthy i 


Out of the travail and tension following the nation- 
wide controversy on the issue of redemarcation of 
State boundaries in India, if there has arisen a signi- 
ficant constructive idea it is the one regarding the 
formation of Zonal Councils. It is an attempt at 
arresting the autarkic trend of the States which if 
led to its logical conclusion would have tended to- 
wards the balkanisation of the country. The Zonal 
Councils are regional Inter-State forums “without 
impinging on the legislative and executive authority 
either of the Centre or of the States. This would provi- 
de in each Zone a common meeting ground where the 
States could be associated with each other to pro- 
mote and facilitate cooperative effort towards the 
economic and social development of each zone and 
towards the unity and welfare of the nation as a whole.” 
(G.B. Pant). Some of the Zonal Councils have been 
holding their first meetings recently and the pattern 
and texture of their structure and manner of function- 
ing was attempted to be set down by the Home Minis- 
ter, Sri. G. B. Pant ir his inaugura! speeches. If the 
constructive and democratic spirit which informed 
most of his suggestions pervade the further delibera- 
tions of the Zonal Councils, we are sure that much of 
the harm caused by emergence of a provincialist 
outlook may be halted if not undone. 


We who are specially interested in the promotion 
of rapid resource development of the country on 
an integral and planned basis, welcome the creation 


of Zona! Councils as incorporating the regional idea, - 


howsoever partially, which we have been pleading 
for a long time through these columns. We are 
particularly glad that even in the first meetings of 
these councils special attention was devoted to the 
problems of cooperation in such fields as irrigation, 
power development, soil conservation in the upper 
catchments of rivers, pooling of technical manpower, 
resettlement of persons displaced by reservoirs,common 
electricity tariff policy, common policy on water 
rates and on crop planning, inland navigation, etc. 
For example, the Northern Zone has under its pur- 
view such items as the problem of soil conservation 
in the catchment area of the Sutlej River in Hima- 
chal Pradesh in order to protect the Bhakra Project, 
specially the Nangal Hydel Canal. Or again, the 
Nangal Hydroelectric Grid cuts across the boundaries 
of Himachal Pradesh, Punjab, and Delhi. The utili- 
sation of the power potential of 3.5 lakhs kilowatts 
of power generated and supplied by this Grid needs 
to be planned all over this Northern Zone on a long 
term basis. Similar and other issues are bound to be 
considered by other Zonal Councils. This is a most 
healthy development and we fully share Sri. Pant’s 








Experiment 


view when he says : “The success of the Zonal Coun- 
cil’s experiment would depend to a large extent on the 
outlook which the State Government brought to bear 
on their deliberations, their ability to appreciate each 
other’s point of view and their readiness to reconcile 
the State aspect of different problems with their 
Inter-state aspect.” 


It may not be known to many that when this 
Journal planned a symposium on Power and Water 
Resources Development of West Bengal, one of the 
items that was initailly included for discussion was 
the “Problems of Cooperation between Adjacent 
States” in the matter of resource development. At 
that time we were discouraged by higher authorities 
to include this item as being controversial. But it has 
been our persistent viewpoint that natural resource 
development efforts must be based on the cooperative 
endeavour of all relevant factors concerned and consi- 
derations political should as far as possible remain in 
the background. For, firstly, resource development in 
an underdeveloped region must receive most prior 
consideration by all and would be advantageous to the 
entire community in the region ; and secondly, it is 
essentially a technical and scientific task and other 


_ considerations should intervene in the least. We are 


now gratified that the Government of India has given 
high priority to Inter-State cooperation in the matter 
of resource development. The All India Power 
Engineers’ Conference held recently at Bangalore, 
sponsored by the Ministry of Irrigation and Power, 
has also rightly stressed on the urgent necessity of 
zonal planning of power development. — 


Inter-State project have one great merit in that 
they create the economic preconditions for the social 
and economic inter-dependence of peoples of different 
cultural, linguistic and geographic backgrounds. 
The DVC and the Bhakra Nangal and the Tunga- 
bhadra are obvious examples. But even these get 
threatened if their is no parallel efforts at  inter- 
mingling of minds, of cultures. If the politics within 
each State gravitates towards linguistic and cultural 
puritanism in the future, then these structural efforts 
at “emotional intergration’’ may not be able to bear 
the strain. It is therefore necessary that side by side 
with this zonal cooperation in resource development 
on governmental level, the leaders of the country 
gave their attention to improving the tone and strain 
of the politics within each State, so that the two 
parallel cooperative efforts bear the desired fruit. 
This is a task not only of those in power but also of 
those who are not. 




















Soldering Aluminium Cables 


Aluminium Union Limited have recently published 
an 84 page instructional handbook entitled ‘“‘Soldering 
Aluminium Cables” which gives step by step illustrated 
instructions on the joining methods now most popular. 
The Appendices contain rating tables for aluminium 


cables. Interested engineers and jointers please write _ 


to Aluminium Union Limited, 41, Chowringhee Road 
Calcutta-16, for copies of this handbook which will 
be supplied free of charge. 


First 100 kV aac ~ = Cable Installation 


Early in 1955 the Tata Power Company awarded 
BICC the contract for the supply and installation of 
over 16,500 yards of 3-core 100 kV Impregnated Pres- 
sure cables. It was finally decided that the install- 
ation should consist of two 3-core cables, each capable 
of carrying up to 90 mVA (about 120,000 horse power), 
laid together through 4.1/2 miles of congested streets 
in the Bombay Port area from Sewri Fort to the new 
Carnac Receiving Station. Surveys were carried out 
and then the actual installation work commenced in 
October 1955. Due to the climatic conditions, no work 
was possible during the heavy monsoon rains and 
operations were, therefore, stopped in June 1956, to 
be started once again in October of the same year. 
The installation was completed by the end of the year 
and both cables were charged in 1957. The switching- 
in ceremoney, however, took place on 4th April, 1957. 


As this was the first use of such high-voltage cables 
in India, the contract presented several novel problems. 
Difficulty was experienced in transporting the cable 
drums, each weighing over 13 tons. This particular 
problem was finally solved by modifying an ex- 
military tank transporter and using this for loading, 
carrying and unloading the drums. In all, 52 drums 
were handled by this means. 


High temperatures and excessive humidity, which 
are features of the Bombay climate, made it desirable 
that all jointing should be carried out in a controlled 
atmosphere. In order to achieve this, specially desi- 
gned portable jointing tents were constructed locally 
on a heat-insulating material and two 1-ton air condi- 
tioners were fitted in each joint bay. The aluminium 
mobile site office, too, was fully airconditioned. Power 
for air conditioning, lighting and general purposes 
was supplied by a number of mobile diesel generator 
sets. 


Largest Transformers ever Built 


Two of the largest transformers ever built have 
been ordered by the Tennessee Valley Authority 
from English Electric Company for the Authority’s 
new power station at Gallatin, Tennessee. 


Their capacity is 345,000 kVa each and they are to 
transform the generator pressure of 13.8 kV upto the 
transmission voltage of 165 kV. 
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Mr. Walter Wehtje—Managing Director of Atlas 
Capco Gooup retires on April 13th 


On April 13th 1957, Mr 
Walter Wehtje retires from 
the Atlas Copco Group. Since 
he joined as Managing Direc- 
tor in 1940 this organisation, 
then known as Atlas Diesel, 
with headquarters in Stock- 
holm has grown into an inter- 
national group of compressed 
air engineers. 


In 1898 Atlas made the 
first of a series of diese) en- 
gines which gained them a 

WaLTER WEHTJE world reputation. An Atlas 

engine powered the famour 
Polar exploration ship, Fram. A dual production 
policy enabled them to manufacture also compres- 
sors and pneumatic equipment. 





In 1948 Mr. Wehtje sold company’s diesel interests 
to Nydquist & Holm to enable Atas to concentrate on 
compressed air engineering. 
This decision was based on 
the belief that pneumatic 
equipment would be needed 
in vast quantities for the 
many postwar development 
projects and the industrial 
expansion which was begin- 
ning all over the world. The 
growth of the Group testifies 
to his judgement. In 1946 
Atlas had three companies 
overseas, now there are 
twenty-eight. 





The symbol of success for 
his company has been the Kurt ALLAN BELFRAG 


lightweight rock drill which was introduced in 1947 
and which made possible the Swedish method of 
Tunnelling. This method, now known to civil and 
mining engineers everywhere, is based on the use of 
one-man drills instead of heavy equipment needing 
two/three operatives. 


Following a policy of ‘seeing for himself’ Wehtje 
has travelled many thousand of miles every year by 
air. Now 60, he has always believed in appointing 
young executives. The average age of his Managing 
Directors overseas is 39. 


His successor is 49 year old Kurt Allan Belfrag 
who was appointed Deputy Managing Director of the 
world Group in 1955. 


In India Atlas Copco is represented by Vulcan 
Trading Company (Private) Ltd. Bombay, Calcutta, 
Madras and New Delhi. 
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No matter what your belting needs, there’s 
a Goodyear belt that will do the job better 
BETTER BELTS at lowest cost. Goodyear’s line of belts is 
complete and covers every possible use. Let 
FOR EVERY DRIVE BY us check your installation —we'll recommend 
the right Goodyear belt for your job. 
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The Worlds Biggest Most Fowertal 


CRAWLER TRACTOR 


es... This mammoth machine is an entirely new concept in the design and 
performance of crawler tractors. 


Here are some of the features which make the Euclid TC-12 different. 


Twin Engines give more horsepower, 
and there is plenty of weight to 
utilize this power. 

Independent Track Drives for ease of 
manoeuvrability at all times, in any 
of the three speed ranges—forward or 
reverse. 
Accessibility for 
major components. 


servicing of all 


Torqmatic Drive and Transmission 
eliminates the need for any master 
clutch. 


Track Oscillation gives maximum sta- 
bility and traction on rough ground. 


Ease of Transportation The TC-12 
can be transported in two separate 
halves. 


Accessories Available Tipdozer - Dozecaster - rear mounted cable control unit. 


BLACKWOOD HODGE 


BLACKWOOD HODGE (INDIA) PRIVATE LTD. 
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CALCUTTA @ MADRAS @ DELHI @ BOMBAY 


Associated Companies Branches Works and Agencies throughout the world. 
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